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PREFACE

This investigation was initiated jointly by the U. S. Army Mobil-

ity Equipment Research and Dev Iopment Command (MERADCOM) and the Office, 'O' i. -

Chief of Engineers (OCE), U. S. Army. Project No. IL162733AH20-B8

(under 6.2 funds) entitled "Expedient Surfacing and Soil Investigation"

and Project No. IL46372DGOI-12 (under 6.3A funds) entitled "Tactical

Bridge Access/Egress Investigation" were authorized by MERADCOM. The O0

OCE authorized project was 4A762719AT40, Task 02, entitled "Techniques

for Tactical Bridge Access/Egress."

The study was conducted during the period December 1977 through

September 1978 by personnel of the Geotechnical Laboratory (GL), U. S.

Army Engineer Waterways Experiment Station (WES), under the general su-

pervision of Messrs. J. P. Sale, former Chief, GL, and Dr. D. C. Banks,

Acting Chief, GL. Personnel actively engaged in planning and conducting

the investigation were Messrs. R. L. Hutchinson (retired), W. L. Mclnnis

(retired), H. L. Green, W. E. Willoughby, D. W. White, C. J. Smith, and

G. L. Carr. The organization and consolidation of this report were

accomplished by Messrs. Carr, Green, and H. M. Taylor, Jr.

Commanders and Directors of the WES during the conduct of this

investigation were COL John L. Cannon, CE, and COL Nelson P. Conover, -.'

CE. Technical Director was Mr. Fred R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con- 0. 0
S verted to metric (SI) units as follows:

Multiply By To Obtain

cubic feet 0.02831685 cubic metres0

degrees (angular) 0.01745329 radians

feet 0.3048 metres

inches 25.4 millimetres

miles (U. S. statute) 1.609344 kilometres

ounces (mass) 28.34952 grams

,-. pounds (force) per square foot 47.88026 pascals

Aq pounds (force) per square inch 6894.757 pascals

pounds (ms)0.4535924 kilograms '

square feet 0.09290304 square metres -..

%4 %*
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TACTICAL BRIDGE ACCESS/EGRESS . 1
PRELIMINARY INVESTIGATION ""

PART I: INTRODUCTION . "

Background

1. The U. S. Army may find itself at war in any of a variety of "

places and situations, fighting opponents that could vary from highly

modern mechanized forces to light, irregular units in a remote part of

the less-developed world. Wherever the battle begins, the U. S. Army

must be equipped, organized, and trained to undertake appropriate

military action.

2. Battle in central Europe is probably the most demanding mis-

sion the U. S. Army could be assigned (Headquarters, Dept. of the Army,

1976). Because the U. S. Army has large forces deployed in that area,

the investigation described herein was conducted with test parameters %

(soil conditions and slopes) representative of field conditions to be

encountered in central Europe.

3. River crossing operations are an integral part of land warfare.

The lethality of modern weapons and the capability of larger enemy for-

mations dictate that crossing forces reduce their vulnerability by main-

taining inherent mobility. The object of any river crossing is to

project combat power across a water obstacle while ensuring the in-

tegrity and momentum of the force. Therefore, whenever possible,

whether in the offense or retrograde, rivers must be crossed in stride " '-.,.

as a continuation of the operation using organic, existing, or expedient

crossing means (Headquarters, Dept. of the Army, 1978). ,O I,

4. The need for surfacing over marginal soil materials to expe-

dite military traffic to and from hastily constructed bridge structures

is apparent to ensure integrity and maintain the momentum of the force.

How and where the Army goes in time of combat is greatly dependent upon 'O'

planning, opportunity, and the possiblity of improving stream crossings.

The Army's experience and lessons learned are well documented, studied,

S6
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and used as a guide to develop more rapid methods or systems of crossing

streams (Headquarters, Dept. of the Army, 1978). As the development of ..

tactical. bridge access/egress systems was under way, requiremeots for

material, weight, cost, placement time, manpower, etc., were constantly . 0
changing. Hence, prior to undertaking the preliminary bridge access"

,.*. egress research investigation, testing of current Department of Defense

-'. depot items was planned to determine to what degree depot items such as

~ aircraft landing mats and/or membranes would meet these requirements. 0 0
5. The Headquarters, U. S. Army Materiel Development and Readi-

I ness Command (DARCOM) and Office, Chief of Engineers (OCE), U. S. Army,

initially funded the tactical bridge access/egress investigation. The

management of the project was through the U. S. Army Mobility Equipment

Research and Development Command (MERADCOM), Ft. Belvoir, Va., who, with

• the U. S. Army Engineer Waterways Experiment Station (WES) and the U. S.

,"  Army Engineer School (USAES), developed a Letter of Agreement (LOA)

(Welker, 1979). The draft LOA was used as a guideline by the WES to

---. perform the research and engineering tests on depot materials in an

attempt to meet the stated LOA requirements and to determine to what

extent present inventory items meet some or all of these requirements.

Purpose

6. This report consolidates and documents preliminary research -

and development efforts on Army access/egress systems or concepts.

These systems will support assault and follow-up phases of tactical

river crossing operations. " .

Scope O' 4-

7. Eight separate studies designed to address major requirements

of the LOA for a tactical bridge access/egress system were consolidated

into one report. Each of the studies was described previously either in

a WES Memorandum for Record, a draft report, or a draft user's manual;

this report summarizes the test results and documents the work in . ..

%* 6
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chronological order. Each in-house report is presented as one of the

appendices of this report.

LOA Requirements

8. The major requirements stated in the LOA for a tactical bridge

access/egress system are sumarized below: I

a. The assault vehicle egress role must allow swimming and
fording combat vehicles to exit streams that have slopes
within their normal climbing capabilities (maximum 25 per-
cent). The egress points must be capable of withstanding
25 passes by vehicles up to and including Military Load
Class (MLC) 60. The system will enable one squad of an
Engineer Combat Company, using current organic equipment,
to simultaneously install two egress points, 5 m wide and
15 to 20 m long, within 15 min after arriving at the exit
bank.

b. The bridge equipment access role must provide access lanes
for use by gap crossing equipment to reach bridge launch
sites. The access lanes must be capable of withstanding
50 passes by vehicles up to and including MLC 25. The
system will enable 10 people from the Engineer Assault . -
Float Bridge Company (ribbon), using current organic
equipment, to install single lanes, 4 m wide, at the rate
of 100 to 125 m in 30 min. -.

c. The bridge traffic access/egress role must provide road-
ways capable of withstanding 2000 to 3000 vehicle passes
(10 percent rated at MLC 60). The system will enable one
platoon of the Engineer Combat Company (Corps), using cur-
rent organic equipment, to install single, 4-m lanes at .
the rate of 250 to 300 m in 45 min.

The complete objectives are presented in the LOA (Appendix A). The mis- V

sion of a tactical bridge access/egress system was to provide traffic-

ability for wheeled and tracked vehicles over soils and slopes normally

impassable and to assist those vehicles in access/egress at river cross-

ing sites. The system will consist of soil and bank reinforcement ca-

pable of being installed (Headquarters, Dept. of the Army, 1965 and

1966a; Depts. of the Army and Air Force, 1968) using personnel and .... -

equipment organic to engineer units.

%-

•_ * u,,. .-.,%, ?..I *;55%-

.i 2q 5o, *,.O *** i.,e O ... O.....- .. .O O O - O " • " -................. ,.....

%.""- " " . '

. ' ' '.,' ' ., ',' v,', ,. ,,,"' ," , ,.",, .', , .' ; ,''"'' '"'',.."".-,"""""'-' .v", . .X , . .. -. "'



PART II: PRELIMINARY TRAFFIC INVESTIGATIONS %
CONDUCTED ON PREPARED TEST SECTIONS

General ... 1

9. Beginning in December 1977 and continuing through September

1978, six separate test section subgrades were prepared from either

buckshot clay or concrete sand under an airplane hangar-type structure

at the WES to provide the conditions necessary for accurately con-

trolled comparative traffic tests. The results of each test are sum-

marized below, following the chronological test sequence, so that the

impact of test results on subsequent tests is more apparent. Table 1

summarizes the test items, the sequence and results of measurements, and

observations. '

10. The first test subgrade was buckshot clay prepared at 0.5

California Bearing Ratio (CBR) strength. This strength was the lower

limit of soil strength expected to support the LOA traffic on available

depot surfacing. Since this subgrade strength did not support the re- ..

quired LOA tank traffic with any available surfacing mats and because

the development of new surfacing capable of supporting the required

traffic on less than a 2 CBR would be cost prohibitive, a 1 to 2 CBR

subgrade strength was agreed upon (Harris, 1978) for further tests on

prepared clay subgrades. Also in this letter (Harris, 1978), the M51

dump truck or the M54 cargo truck and the M48AI tank were approved as

primary test vehicles. %"i"iIi]
11. The LOA traffic requirement was met by both the M8A1 (Head-

quarters, Dept. of the Army, 1973; Tucker, 1968; Garrett, 1959) and 119 .-

(Headquarters, Dept. of the Army, 1968 and 1973) landing mats in various

placement configurations (Green and Ellison, 1969) with and without T17

membrane (Headquarters, Dept. of the Army, 1966b) on fat clay subgrades

with minimum strengths of 1.2 CBR. For a subgrade less than 1.2 CBR, the .,

M8AI sustained only 150 truck passes, and the M19 sustained 2700 truck

passes and 56 of the required 300 tank passes. Results of traffic at- ,

tempts on unsurfaced and membrane-surfaced test sections are also

" .. .N .
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summarized in Table 1. Under ideal conditions, the square-foot-per man-

hour-placement* rates of M19 and M8AI landing mats achieve from 19 to

100 percent of the LOA required rates; however, the LOA rate was met for

only one LOA role application. Recommended current usage of inventory

hardware and a comparison of placement rates are presented in Part V.

12. Sand confinement grids with and without membrane underlay were

also investigated for access/egress application. To investigate the po-

tential application of off-the-shelf sand confinement grids, laboratory . '

strength and deflection and prepared test section ti ic tests were

conducted using paper and aluminum grids and fiberg s catwalk-type

" panels.

13. The sand confinement tests indicated tha ; products and

various test configurations with membrane will not s-_ain the LOA re- ..

quired traffic even after the tire pressure was decreased from 70 to

35 psi and the gross weight was decreased from 40,000 to 20,000 lb.

The paper and aluminum grid lost all usefulness in confining sand after

about 200 and 1,000 passes, repectively. The membrane underlay offered . -

-.. only slight benefit, if any. Similar performance of sand-filled grids

was observed by Webster and Watkins (1977), Webster and Alford (1978),

and Webster (1979) where little compaction was used in sand placement.
.. However, it was observed in the tests by Webster that an unspecified

amount of sand compaction and a surfacing of 2 to 3 in. of crushed stone

or about I in. of a sand-asphalt surfacing within the top inch of the

grid caused greatly enhanced trafficability. The sand compaction, addi -

tion of top surfacing, and/or required cure times as studied by Webster

are prohibitive when considering the time requirements of the LOA.

Initial Traffic Tests on M8AI and M19 Landing Mats ':

14. The initial tests were conducted using l8A1 and M19 landing ('-

mats (Headquarters, Dept. of the Army, 1968 and 1973) on buckshot clay .

A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 4..

9
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subgrade with a CBR strength of 0.5. A soil strength this low was dif-

ficult to work with because it would not adequately support construction .
equipment required to grade and slope the subgrade.

15. The M8A1 mat sustained only 150 passes of the M54 truck before O .U it was considered a hindrance to vehicle maneuverability. The subgrade

was forced through joints in the mat, creating traction problems in addi-

tion to being pumped to the edges of and above the mat surface, creating

a bathtub effect. In the field, this bathtub effect would be a greater .

hindrance and the cause of surfacing failure in high rainfall aieas.

The M8AI mat was reusable after the traffic tests.

16. The M19 mat sustained 2700 truck passes and 56 tank passes

before the undercarriage of the tank began dragging on the mat. Con-

nectors broke on six panels; the other panels were reusable. Some sub-

grade material was forced through the M19 mat joints, causing traction

problems. Both the truck and tank traffic resulted in subgrade material

being pumped to the side of the mat, creating a bathtub effect. The

test details are presented in a WES Memorandum for Record included as

Appendix B; Lest results are summarized in Table 1.

Tests of M8AI fats with and Without M8AI Runners

17. Results of the first traffic test indicated that a CBR

greater than 0.5 was required for comparative traffic data and future

tests would be on a subgrade with a CBR strength between I and 2. A "a-

letter (Harris, 1978) from MERADCOM formally approved this subgrade

t rength .

18. All MAI test items in the second te-st section sustained the

required 3000 passes of mixed truck and tank traffic. The mats suffered

only minor damage (a few cracked and broken connector hooks); all the

mats were still serviceable and reusable. The mats with welded runners 2
a -intained a s-other riding surface, but panels were in netter condi-

t ion for reuse from the section where the runners were not welded. A i" _

summary of the test results is presented in Table 1.

19 Excessive arn undesirable subgrade material was forced ..

* 10
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through the mat joints in all sections. Details and results of the "

S.. tests on the M8A1 mat with and without MBAI runners were described in a

WES Memorandum for Record, included in this report as Appendix C. Pho- - "
O ,0 •

tographs contained in Appendix C also show the bathtub effect that oc-

curs as the surfacing system is forced into the subgrade after as few as .

200 passes of the M54 truck. " ..-

M19 Mat Tests in Various Laying Patterns

20. Three placement patterns of the M19 mat were tested in a

1.3 CBR subgrade in the third test section. The panels in all placement

patterns sustained the required passes of traffic and were in good con-

dition for reuse. A summary of the test results is presented in Table 1. " -"

21. Excessive subgrade was extruded onto the mat surface at the.: -

joints, indicating a need for a membrane underlay. For the traffic test

on the normal lay pattern (Item 3), there was negligible downward and -.

lateral movement of the mat. The distance of the subgrade above the mat

was a maximum of 1.75 in. after the required 3000 passes of mixed truck

and tank traffic in Item 1. Lateral movement due to the traffic and

transverse slope built into the test section caused a maximum lateral

movement of 4.5 in. in Item 1. The mats in the standard placement pat-

.. tern (Green and Ellison, 1969) also maintained the smoothest surface and

were recommended for further testing. Details and results of the tests

on the M19 mat were described in a WES Memorandum for Record included in
C- .. %..

this report as Appendix D.
4. C -.-.% . "

Tests on M8AI and M19 Landing Mats -
with and Without T17 Membrane

22. The required mixed truck and tank traffic was performed on

the M8AI and M19 landing mats each with and without T17 membrane under-

lay in the fourth test section. The test results are summarized in .

'Fable 1; details of the tests and results were presented in a WES Memo-

'- ". randum for Record, included in this report as Appendix E. All items .

.- ." sustained the required 3000 passes of mixed truck and tank traffic; the

IRI
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membrane proved effective in preventing extrusion of subgrade material

through joints in the mat.

23. After the required traffic, the M8AI mat was still service-

able but not suitable for reuse due to traffic damage (about half of the

panels contained breaks). The M8A1 mat punched one hole in the T17 mem-

brane underlay. The M19 mat was reusable after the required traffic and

did not damage the T17 membrane underlay.

_0

Evaluation of Paper and Aluminum Grids ".-.

24. The tactical access/egress system optimization required by

the LOA necessitates investigation of potential alternate surfacing sys-

tems for sand that would be encountered in varying amounts in some river

crossings. Because most granular materials have great strength when ade-

quately confined, various sand-confining grids were subjected to traffic

with and without a membrane underlay. The results of traffic tests in

the fifth test section with reduced gross loads and lower tire pressures

are summarized in Table 2. The details and results of laboratory tests

and prepared-traffic test sections were documented in a WES Memorandum...,

for Record, included as Appendix F. -Z

25. The paper grid, impregnated with 9 percent phenolic resin to

retard or prevent water absorption, tested with and without membrane,

added some strength to the sand but not enough to be considered for ex-

tensive testing. Test results of this study and Webster (1979) indicated

the 6-in. hexagon cell, 6 and 8 in. deep with surfacing, should be fur-

ther tested for potential access/egress applications. ..- 4

Evaluation of Borden and IKG Fiberglass Panels

for Sand Confinement '-,'

26. Sand-confining fiberglass panels manufactured by Borden and

IKG industries were trafficked with and without membrane in the sixth

test section with reduced gross loads and tire pressures. The traffic

test results are summarized in Table 3, and detailed test parameters and

results of laboratory tests and traffic on prepared test sections were

4 4.-.- ."--. -*.**-.
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documented in a WES Memorandum for Record, included in this report as

Appendix G.

27. Traffic tests indicated that the fiberglass panels were dam-

aged but the panels did not fail while sustaining traffic on both sand O .

and clay subgrade; the traffic was stopped, however, either because of

the lateral movement of panels from the traffic path or because the rut

depth became excessive (vehicle undercarriage would drag). Lateral

movement resulted from the panels working out of the sand or clay sub- .

grade. The addition of weights along the edges of the panels was suc-

cessful in holding the panels in place but tended to force displaced

subgrade material to the middle of the wheel paths. The membrane did

not appear to provide any significant improvement in the performance of O

the panels on either sand or clay subgrades.

28. The fiberglass panels increased the trafficability of the

subgrade severalfold and indicated potential for access/egress applica-

tions. Design improvements recommended for the fiberglass panels in-

cluded integral side connectors and a method of anchoring the panels in ,.-

both sand and clay subgrades. %I. '-. ' '

..- .. ,. '.'.- - -
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PART III: PRELIMINARY TESTS CONDUCTED ON PREPARED
.. .. SLOPES AND STREAM EGRESS LOCATIONS

29. In July 1978, traffic tests of military inventory items for O '

effectiveness in riverine egress were begun on the WES reservation.

Slope-climbing tests were conducted on a road cut (upland area) graded

to a 25 percent slope; egress tests were also conducted on a 25 percent

slope into Brown Lake. The tests were conducted on bare slopes, on . '

slopes covered with Ti7 membrane, and M19 and M8Al mat-surfaced slopes

both wet and dry. The slope-climbing tests conducted in the upland area

also required the vehicles to track through a wet clay at the toe of the

slope. Drawbar pull tests were conducted with the M113 armored person-

nel carrier (APC) on T17 membrane stretched and anchored on level ground.

A detailed description of the test items, both written and photographic,

and the test results were included in a WES report, a draft of which is

included in this report as Appendix H. 1 .
30. Summaries of the slope-climbing and lake egress tests are

presented in Tables 4 and 5, respectively. The data showed that the T17

membrane, M19 mat, and M8Al mat, when normally placed, will not provide

adequate traction to support significant traffic on a 25 percent slope,

wet or dry. The conclusions from Appendix H are reproduced below for

*-"- the convenience of the reader:

a. Tests with T17 membrane-covered slopes (25 percent or

less) in upland areas and adjacent to a lake indicate
that the membrane must be anchored extremely well on the
slope and that the membrane itself does not necessarily
assure traction at the toe of the slope at the water-soil
interface. When wet, the membrane becomes relatively
slick but still produces a sufficient traction surface
for vehicle passage, provided the vehicle can negotiate
the slope.

b. Tests on mat-surfaced slopes (M8A1 or M19) indicate the

- same problems that were encountered in the membrane A

tests. When the mat was moved totally underwater, the
vehicle negotiated the slopes, sometimes easily and other
times marginally, depending on the mat configuration and
the presence of any points on the mat for the vehicle to
gain sufficient traction to climb the slope. The vehi-
cles negotiated the mat-covered slopes rather easily, wet

14
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or dry, when sufficient traction was obtained to climb
the slope.

c. Placement times of 15 min were not achieved. In fact,
placement of the membrane or mat on riverbanks or slopes
by any of the means used in the tests requires at least
twice the time stated in the LOA. Also, engineer equip-
ment must be available for anchor placement, mat place-
ment upside down on the slope, and mat or membrane an-

chorage underwater.

d. Membrane placed in lake bottoms underwater must be placed
so that allowances are made for the membrane movement to
conform to vehicle ruts in the soft lake bottom mud and
the edges are anchored to the lake bottom to pcevent en-
tanglement in vehicle running gear. Cables attached to -

0(d sandbags that were used to anchor the mat to the lake
bottom in the tests reported herein became exposed with

vehicle traffic and were easily entangled in the vehicle

traction elements.

e. The M113 APC was able to exit the lake at an unimproved
soil ramp where the slope was less than 15 percent. The
slope that represents its limiting capability is unknown.
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PART IV: USE OF DEPOT HARDWARE FOR
ACCESS/EGRESS APPLICATION

31. A description of the installation and serviceability of in--'

ventory depot items, T17 membrane and M19 and M8A1 aircraft landing .'

mats, and methods of deployment in the investigations reported in Appen-

dices B through E and H is presented in Appendix I. Packaging of the

inventory and pertinent ancillary items and placement times are presented

so that Appendix I will function as a field manual for deployment of in-
ventory items as access/egress hardware. A summary of Appendix I is re-

produced below.

a. Army inventory items that had potential to be used as
*-.'.- access/egress surfacing were tested. These items con- -.

sisted of T17 membrane, M19 landing mat, and M8A1 land-
ing mat. -.

b. Tests have indicated that the T17 membrane alone will
not imeet any of the bridge access/egress roles; however,
it may be used as a waterproofing medium under a sur-
facing material to better accomplish the bridge equip- -

ment access role and/or the bridge traffic access/egress
role. The M19 mat will support all the traffic required
by the Letter of Agreement (LOA) but does not meet in-
stallation rates in the assault vehicle egress role and MM'
the bridge equipment access role and will not provide
sufficient traction when wet and muddy as required in

the egress role. The M8A1 mat placed either normally
or inverted will support all of the required traffic of
the LOA. Inverted, the surface will provide adequate

9 traction for the M1113 APC to egress a stream. The M8A.
mat will not meet any of the installation rates in any
of the LOA roles.

c. None of the inventory items described herein totally
satisfies the requirements in the LOA for a tactical
bridge access/egress surfacing. However, the M18A1 land-
ing mat installed in the inverted position can serve as
an emergency surfacing in the interim period while a

."* surfacing system is being developed. "

.-. ~~W 44f?,- .-s
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PART V: CONCLUSIONS AND RECOMMENDATIONS

Recommended Current Usage of Inventory items

for General Access/Egress Application

32. A tabulation of the access/egress roles and the LOA time re- "

quirements for placement are presented in Table 6 with the recommended .

current usage of inventory hardware. This tabulation is a general sum-

mary of results from the preliminary investigations. It is intended to

aid field engineers in selecting depot hardware for interim usage until

an access/egress surfacing system is fully developed.

Conclusions and Future Research and Development Recommendations
Based on Traffic Tests Conducted on Existing

Hardware and Prototype Material

33. The following observations are warranted based on traffic

tests conducted on existing hardware and prototype material: 1w
a. Initial traffic tests on M8AI and M19 mats. A 0.5 CBR

subgrade was determined to be below the lower limit of
soil strength that can support the LOA traffic on avail-

-,' able depot surfacing.

b. Tests on the M8AI mat with and without M8AI runners. The
-. MA1 mat with and without runners on 1.3 CBR subgrade

sustained the required LOA traffic (3000 passes) and re-
mained serviceable and reusable.

C. A bathtub effect, created by the mat being forced into
the subgrade by the traffic, would be detrimental in

areas of high precipitation. Excessive and undesirable
subgrade material was forced through the mat joints in
all sections.

d. M19 mat tests in various layinS__ja_tterns. The M19 panels

in the three placement patterns tested sustained the re-
quired passes of traffic on 1.3 CBR subgrade and were in ,.4

good condition for reuse.

e. The standard placement pattern maintained the smoothest

surface and was recommended for future testing.

f. Excesssive subgrade was extruded onto the mat surface at
the joints; the bathtub effect was less than that for the S

1M8A1 mat.

b g.Tests on 118A1__and 1119 Iandnmt with and without T17

17
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membrane. The M8Al and M19 mats sustaired the required
LOA traffic with tie T17 membrane underlay without ex-
truded subgrade material interfering with traction of
vehicles.

h. The M19 panels were reusable after the tests; the MSAI . .

- mats were niot.

i. Evaluation of _aper and aluminum __rids for h ridye access/.
e ress~app lication. The aluminum 6-ir. hexagon cell,

8-in.-depth grid with and without membrane provided more
strength in the sand subgrade than did the other grids ' "
and membrane combinations. This grid with and without -

membrane sustained 1000 passes of the M54 truck and was
still trafficable. The rut depth of this grid with and.
without membrane after 1000 passes was only 4.6 and

4.9 in. The rut depths for the unsurfaced sand and other
grid/membrane combinations used for reinforcement were "

much greater. However, except for the aluminum 6-in.

hexagon cell, 6-in.-depth grid, the other materials had
failed at 100 passes or less. Although the rut depth for
the aluminum 6-in. hexagon cell, 6-in.-depth grid with
and without membrane after 1000 passes of traffic was
7.2 and 7.7 in., these materials remained trafficahle.

.. The paper grid, impregnated with 9 percent phenolic

resin, with and without membrane and the aluminum 6-in. %
hexagon cell, 4-in.-depth grid with and without mem-
brane provided some added strength to the sand subgrade.
However, since these materials failed during this inves- -- 2.1

tigation and were considered ineffective in adequately S.6tt.WI
confining the sand, no further tests are recommended. -,-.

k. It is recommended that traffic tests with the M54 cargo - --

truck with highway loading conditions (40,000-lb gross .
weight) and tires (inflated to 70 psi) be considered on,
aluminum 6-in. hexagon cells, 6- and 8-in.-depth grids .. "
both with and without Kevlar membrane placed on a loose

sand subgrade and a weak (I to 2 CBR) clay subgrade with
the cells filled with loose sand in order to fully opti-

mize the cell sizes and depths of these materials, when

sand filled without compaction and without benefit of any
additional surfacing.

1. The Borden and IKG panels, if given future consideration -..7 .
in the access/egress programs, should be developed to
include integral side connectors.

-. m. A method of anchoring the Borden and AKG panels would be

-'' necessary if these panels are to be considered in future
access/egress studies.

n. The Borden and IKG panels, if redesigned with improve- ..

ments suggested, should be tested both on a loose sand

p S .0 S .0 0 S
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and a weak (1.2 to 2.0 CBR) clay subgrade with the M54

cargo truck with gross load of 40,000 lb and tires in-
flated to 70 psi.

Conclusions and Recommendations Based on . .1
Sloke Investiations Conducted with

Inventory_ Materials

34. The slope and streambank egress tests indicated the following

conclusions and recommendations for future tests:

a. Tests with T17 membrane-covered slopes (25 percent or
less) in upland areas and areas adjacent to a lake indi-

cate that the membrane must be anchored extremely well on
the slope and that the membrane itself does not necessar-
ily assure traction at the toe of the slope at the water-
soil interface. When wet, the membrane becomes rela-
tively slick but still produces a sufficient traction
surface for vehicle passage, provided the underwater
slope does not degrade to a steeper slope.

b. Tests on mat-surfaced slopes (M8Al or M19) indicate the

same problems encountered in the membrane tests. When
the mat was moved totally underwater, the vehicle negoti-
ated the slopes, sometimes easily and other times mar-
ginally, depending on mat configuration and the presence
of any points on the mat for the vehicle to gain suffi-

cient traction to climb up the slope. The vehicle nego-

tiated the mat-surfaced slope rather easily, wet or dry,
when sufficient traction was obtained to climb up the
slope. %-

c. An installation time of 15 min for an egress point 5 m
wide and 15 to 20 m long is not realistic for hard labor ."-.-.-

placement of membrane or mat placement on riverbanks or

slopes. Also, engineer equipment must be available for -- '-

anchor placement, mat placement in an inverted condition
on the slope, and mat placement or membrane anchorage

underwater. .- .
d. Membrane placed underwater in lake bottoms must be placed

so that allowances are made for membrane movement to con-

form to vehicle ruts in soft streambed sediments. The

edges must be anchored to prevent entanglement in vehicle
running gear. Cables attached to sandbags used to anchor
the mat to the lake bottom in the tests reported herein

became exposed with vehicle traffic and were easily en- -.

tangled in the vehicle traction elements.

e. Tests should be conducted with experimental traction de- " ' -
vices underwater to determine a maximum underwater slope

19 f.**•***- . -.-. **.*-". ... .
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for the traction device to assure vehicle slope passage.

f. Tests should be conducted on slopes of other soil types,
especially clays, to determine any detrimental effects of
clay on vehicle performance. Water egress tests should
be conducted at various slopes less than 25 percent to
determine the limit of egress on unimproved slopes.
(This is presently estimated to be less than a 15 percent
slope.) The use of an anchor and winch to assist a
tracked vehicle to exit a stream on a 25 percent slope -

should be evaluated (even though no present combat
vehicle has the capability). There are circumstances O 0
where a bulldozer or universal engineer tractor might be
able to ford a stream and get closer to the bank to use

its winch if either piece of equipment were available.

. Other available depot items of possible relevance to
these tests in terms of bank surfacing or stabilization "'.
should be tested under field conditions..

h. A mat, similar to the inverted M8AI with integral trac-
tion devices, should be designed and tested for the
access/egress surfacing.
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Table 6

Current Recommended Usage of inventory Hardware
for Access/Egress Applications

Inventory Ite_.-"-' ,-

Access/Egress Role M19 T]* 7" M8A"

Assault

Structural adequacy** Yes No Yes - "

Vehicle traction on 25 percent slope, dry Yes Yes Yes
Vehicle traction on 25 percent slope, wet Yest Yest YestT

Climbing out of water No No Yes" .
Deployment time required (square feet per

man-hour) 240 0.031 163

Special equipment No No No
* LOA time requirement (square feet per

man-hour) 861 NA 861

Bridging equipment access

Structural adequacy Yes No Yes

Deployment time required (square feet per
-. man-hour) 573 20,0001T 361

Special equipment No No No
LOA time requirement (square feet per

'- 'man-hour) 1076 NA 1076

Bridge traffic access/egress

Structural adequacy Yes No Yes - -. .
Deployment time required (square feet per

man-hour) 573 20,00011 361 *_ -
Special equipment No No No

LOA time requirement (square feet per
man-hour) 574 NA 574 ".-" " "

For use beneath M19 or 8AI.

1.3 CBR or better subgrade.

t But not through wet clay at toe of slope.
-1tt Yes, with mat inverted but marginal with wet clay or water at toe

of slope.
- Deployment on s;lope reuiiires trench, additional anchorage, and

backfilling.
" Deployment time based on 5 men placing a 2000-sq-ft bundle of T17

membrane under ideal conditions in 1 min.
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7' ~-. DEPARTMENT OF THE ARMY
HEADoUARTERS UNITED STATES ARMY TRAINING AND DOCTRINE COMMAND

FORT MONROE. VIRGINIA 23851

ATCD-MC 24 July 1979

SUBJECT: Letter of Agreement (LOA) for a Tactical Bridge Access/Egress
System, USATRADOC ACN 38653

SEE DISTRIBUTION

1. Reference AR 71-9. i '

2. Attached at inclosure 1 is the approved TRADOC/DARCOM Letter of
Agreement for a Tactical Bridge Access/Egress System. The following
information is applicable to this document:

a. System Designation: N/A

b. Materiel Developer: DARCOM

c. Combat Developer: USATRADOC

d. User Representative: USATRADOC

e. Trainer: USATRADOC

f. Logistician: USALEA

g. CARDS Reference Number: 0608A

h. Operational Test Responsibility: USATRADOC .

i. USATRADOC Proponent Activity: USAES

3. DARCOM, in coordination with the USATRADOC proponent activity, v''.,S -

will initiate preparation of the Outline Development Plan (ODP)

IAW AR 71-9.
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ATCD-M 24 July 1979
SUBJECT: Letter of Agreement for a Tactical Bridge Access/Egress

System, USATRADOC ACN 38653

4. Subject requirement document is forwarded to major Army commands,
other services and DOD agencies for harmonization and to all other
addressees for information.

FOR THE CO>'-. ANDER:

1 Inl O
as LTC, AGC

Assistant AG

DISTRIBUTION:
HQDA (DACS-ZA11)

HQCA (DAMI -DOT-C)
HQDA (CAEN-FE?)

HQDA (DAMA-PP)
HQOA (DALO.-SSM-E)

HQDA (DAAG)
HQDA (DASG-HCL) N
HQDA' (CCNCM

USREDCCUM (j5E)
USAREUR & Seventh Army (AEAGC-SE/AEAGC-FMD)
Cd r
US Amy Western Comd
A RC OM (DRODE-OM)

FOCRS C M
Eighth USA
I SCCII
USA CA
USACC
USAC SC
USA Health Svc Comd (HSC-LO)
USACAC (ATZLCA-COF)
USA Loa Cen (ATCL-MS) ".
USA Admin Cen & Ft Ben Harrison (ATCP-OE)
USA CD Ex:,er Comd
TCAftTA (AT,-AS)
U~rAVNC & Ft Rucker (ATZQ-0)
USA.',PS/TC
Csee next page) '.
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SUBJECT: Letter of Agreement (LOA) for a Tactical Bridge Access/Egress
System, USATRADOC ACN 38653

DISTRIBUTION: (Cont)
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USA Log Eval Agcy
USA Intel Cen & Sch
USAMIMCS (ATSK-CT)

US AOCC
USARJ
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USAARIS (ATZK-CD)
USA Chap Cen & Sch
USAES (ATZA-CD)

INUSAFAS (ATSF-CTD)
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USAQSC (ATSP-CTD)
USA IMA
USA Institute of Admin
TJAGSA

*Supt, Academy of Health Sciences, USA (AHS-COM)
Sup., USMA
Dir
MTMC (MTT-TRG)
TRADOC LO:
Eighth USA
USAREUR & Seventh Army (ATFE-LO-AE)
DARrOtM
USAOTEA/VCAA (ATFE-LO-OT)
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AVRADCOM (ATFE-LO-AV)
US RE COM
COPA DCOM
TECOM
I4ERADCOM
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USAF Aero Sys Div (XRL)

* **. ~Ccmdt of the Marine Corps (RD)
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I. NEED.

Improved enemy response time, target acquisition capability,
range, and accuracy of enemy weapons indicate that in the 1980 time - -

frame, concentrations of troops will be quickly detected, identified, . -
located, and engaged. It is therefore essential that modern gap cross-
ings systems, to include access and egress routes, are capable of being
emplaced fast enough to allow mission essential traffic to cross before -

countermeasures are effectively applied. With the advent of modern and -.

more rapidly emplaced bridging, the need to gain an equivalent capabil- --

ity to reach the gap with crossing equipment and to maintain subsequent O -
traffic flow has become essential. Specific conditions that must be
overcome are poor soil conditions or steep slopes at the near bank that

limit access to both bridging equipment and amphibians; poor soil con-
ditions or steep slopes at the exit bank that prevent tactical assault
vehicles from exiting the stream at the most tactically advantageous lo-

cations; and poor soil conditions at points of congestion and heavy
traffic areas such as bridge approaches and assembly areas which re-

strict or halt traffic flow. In view of the problem areas stated above,
a Tactical Access/Egress System should be ready for fielding during

FY 1984-1986.

2. OPERATIONAL CONCEPT.

a. The access/egress system will be employed primarily in the as-
sault and follow-up phases of tactical river crossing operations. Com-
ponents will be used by the Divisional Combat Engineer Company, the Engi-
neer Assault Float Bridge Company (Ribbon) and the Engineer Combat
Company (Corps) in the main battle area to aid crossing of swimming and OOM '

fording vehicles; to enable bridge or raft transport vehicles to reach
launch sites; and to provide trafficable roadways to and from bridges or -

raft loading points for assault and follow-up forces. The system concept

% supports the doctrine described in FM 100-5 and FM 90-13, i.e., to maxi- .

mize the speed, surprise, and violence of the attack, broaden the choice
of crossing sites, and enable combat support elements to keep pace with

maneuver units. The need for a rapid means of overcoming water barriers .

for which access and egress are difficult, has been an item of interest
to the Quadripartite Working Group for Bridging and Gap Crossing
(QWG/BGC) since September 1974. ABCA interest in the Tactical Bridge -'-

Access/Egress System has been ongoing since a January 1978 QWG/Engineer- -

ing meeting.

b. Mission Profile - see Annex A.

3. SYSTEM DESCRIPTION.

a. To overcome the threat, the access/egress system will use new

technology or modifications and/or adaptions of standard surfacing and
soil strengthening materials to meet the following goals:-.*\ ',.*

.o

(1) Assault Vehicle Egress Role. The system must allow swimming %.>-.

ir- 77%
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and fording combat vehicles to exit streams that have slopes within
their normal climbing capabilities (maximum 25o). The egress points j
must be capable of withstanding at least 25 passes by vehicles up to and

including Military Load Class (MLC) 60. The system will enable one squad
of an Engineer Combat Company, using current organic equipment, to sire-

ultaneously install two egress points five meters wide and 15-20 meters -

long within 15 minutes after arriving at the exit bank.

(2) Bridge Equipment Access Role. The system must provide access -

lanes for use by gap crossing equipment to reach bridge launch sites.

The access lanes must be capable of withstanding at least 50 passes by
vehicles up to and including MLC 25. The system will enable 10 people

from the Engineer Assault Float Bridge Company (Ribbon), using current

organic equipment, to install single lanes, four meters wide, at the
rate of 100-125 meters in 30 minutes.

(3) Bridge Traffic Access/Egress Role. The system must provide

roadways capable of withstanding 2000-3000 vehicle passes (10% rated at
MLC 60). The system will enable one platoon of the Engineer Combat Com-
pany (Corps), using current organic equipment, to install single, four

meter lanes at the rate of 250-300 meters in 45 minutes.

b. If possible, the goal of the Tactical Bridge Access/Egress - ' 2 -
System is to develop a single system that meets all three bridging

access/egress roles.

C. The access/egress system will be composed of a combination of

soil confinement grids, membranes, and surfacing materials. In deter-

mining the soil confinement grid, materials with various grid-size e,
openings, depths, and material thicknesses will be investigated. Mem-
branes and surfacing materials will be investigated to optimize the de-

sign required. In actual field employment, the soil strength at the
individual site will be the determining factor as to whether one, a com-

bination of two, or all three of the above materials will be required for

the access/egress system.

d. The tactical bridge access/egress system must be sufficiently

mobile to accompany the force supported (compatible with that of the ".'"".*-
tactical bridge equipment itself). ...- '... "-

e. System safety rriteria as required by Military Standard 882 and ,O. *:.

AR 385-16 apply to this tystem.

f. To enhance the survivability of the system and the using unit,

the material must present a minimum visual signature. Desired features

include camouflage painting, reduced heat retention, reduced radar

reflectivity, etc. .*

g. Nuclear survivability is not required because the system is not
critical to mission accomplishment in a nuclear conflict.

'37
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h. Chemical/biological protective measures will be considered as
applicable to any hardware items developed for this system. To facili-

"- . tate chemical agent decontamination, chemical agent resistant materials
will be used to the maximum extent practicable in the development of -

~ this item. If practical, this item will be painted with chemical agent S
resistant paints to facilitate chemical agent decontamination.

i. Protection against electronic countermeasures and counter-

measures (ECM/ECCM) does not apply to this system.

j. The system may be palletized or banded and will be transportable 0 "
- .~i to and within the theater by highway, rail, marine and air transpor..

Suitable lifting and tie-down devices will be provided as required.

4. PROSPECTIVE OPERATIONAL EFFECTIVENESS.

The proposed system is expected to provide significant improve-

ments in operational effectiveness of the bridge unit because equipment

will be able to gain access to one or more selected crossing sites in
minutes instead of hours. The combat engineers will be able to build
access and egress roadways at both ends of a bridge at a rate of approxi-
mately four times faster than currently possible. The supported tactical
elements will realize significant improvements when mission delays caused
by water barriers are minimized, a wider choice of crossing sites are
available, and swimming/fording vehicles are quickly provided several

egress points along the exit bank. The proposed system is expected to
provide significant reductions in the cost of time/resources in prepar-

"-' ing access/egress routes, since it will be emplaced quickly by fewer -

people without the use of heavy earthmoving equipment.

5. SYSTEM DEVELOPMENT.

a. Operational Employment Plan. Commander, TRADOC with input from
DARCOM, will conduct the necessary studies, war games and test and evp,-
uation to define the operational concepts. Additionally, the following . S-
critical issue will be addressed in OT I:

Can the training requiremnts be met with the training concept?

b. Technical Development Plan. The technical risk for this develop-
ment is estimated to be medium. Commander, DARCOM, will conduct those '
activities prescribed in pertinent command and materiel acquisition
regulations and insure that the following critical issues are resolved

before or during DT I:

- (1) Determine if the system can withstand 25 passes by vehicles up

to MLC 60 at exit bank egress points (Technical risk: Low). ." .

(2) Determine if the system can provide traction for swimming/ .
fording combat vehicles at exit bank egress points with slopes up to 25%
(Technical risk: Medium). " "

;t.....~
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(3) Determine if the system can provide access to bridge/raft launich

sites capable of supporting 50 passes by vehicles up to MLC 25 (Tech-

nical risk: Low).

(4) Determine if, with minimal maintenance, the system can provide

bridge access/egress routes that can withstand 2000-3000 passes by divi-

"" sion/corps vehicles - 10% MLC 60 (Technical risk: Medium).

(5) Determine if the system can be installed in the required time

-J during daylight and dark using only the equipment organic to the units

identified in paragraph 3a (Technical risk: Medium).

(6) Determine if the success of the system is site independent

(Technical risk: Medium).

(7) Determine if the system's individual components are effective

for certain areas when used separately (Technical risk: Low)., -1

(8) Determine if the system is overly dependent on any one of the

individual components (Technical risk: Low).

(9) Determine if any excessive personnel hazards or equipment haz-

ards are produced by installation, use, or retrieval of the system

(Technical risk: Low).

(10) Determine if the system can be transported with vehicles or-

ganic to the units named in paragraph 3a (1)-(3), as well as general

purpose cargo carrying vehicles (Technical risk: Low).

c. L stical Support Plan. Commander, DARCOM, with input as re-

quired from TRADOC and LEA, will conduct those activities prescribed in

pertinent command and materiel acquisition regulations to develop the

logistic support plan. In addition, the materiel developer will perform

such studies and tests as are necessary to insure that the following
criteria are met: - 'l__

(1) The weight and cubic volume of the system will not present an .

unacceptable logistics burden to either the using units or the combat

service support system. - .

(2) The system components should be reusable to the maximum extent -

possible. This reusability must not degrade the systcn,'s employment,

*structural capabilities, nor require an inordinate am(iint of' ma intenance

effort.

(3) The Logistical Support Plan will be available for evaluation at

q OTI1.

(4) Develop RAM requirements to include operational mode, similmarv~ .\2-
and mission profile, reliability and maintainability parameters.
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d. Training Support Concept. The DARCOM materiel developer, in co-
ordination with the TRADOC proponent, will develop a training support

package to support the Tactical Bridging Access/Egress System.

(1) The materiel developer, in coordination with the TRADOC propon- 0  0
ent, will develop a detailed training subsystem capable of providing a
complete transfer of knowledge from the developer to the system user and
maintainer. This training subsystem will be based upon a precisely de-

fined set of performance requirements obtained through analysis or col-
lection of logistic support analysis (LSA) data generated lAW DARCOM

m Pam 750-16 or MIL-M-63035, as appropriate. Based on the results of this 0 "
analysis DARCOM/TRADOC will jointly agree upon a detailed task list
covering all operator and maintenance difficult to train tasks for the
system. The identification of and agreement of these tasks will be a

formal, identifiable milestone in the validation phase of development.

Tasks so identified will be incorporated into a signed agreement and into
the system outline acquisition plan. .

(2) TRADOC will describe the user population to the materiel devel-

oper and assist the materiel developer in identifying any unusual train-
ing requirements inherent in the intended user population.

(3) The DARCOM materiel developer will develop a synoptic outline 4.
of each TM to be produced, and preliminary draft documentation and story-
board training materials for high risk tasks lAW approved Skill Perfor-
mance Aid (SPAS) specifications. Deliverable products for DT/OT I will -.

be determined between DARCOM and TRADOC on a case-by-case basis. The

draft documentation and training produced as a result of this determina-
tion will be used to train operator/crew and maintenance personnel repre-
sentative of the user population for OT I. The Training Support Plant
will be available for evaluation at OT I.

(4) The need for training requirements and materials, such as class-
room trainers or collective trainers, which are not identified as a re-
sult of the SPA work effort, will be investigated. The necessary ',
TRADOC/DARCOM responsibilities and resources to develop these training

materials will be established and requirements will be included in the
ROC or separate requirement documents, as appropriate.

(5) TRADOC will develop an Outline Individual and Collective Train-
ing Plan (OICTP), outlining the initial system training concept and OS C4

strategy and as much of the individual and collective unit and institu-

tional training requirements as known.

(6) The capability of the player personnel, trained with the draft
documentation and storyboard training materials, to perform the high

r risk tasks to the required standards in the field phase of OT I will be

made a critical test issue. " " " "-

e. Personnel Spport Plan. The materiel developer will minimizethe number of tasks required by the operator and develop personnel .-,'.-'. 3

%*%*
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N N requirements estimates prior to DT/OT I to determine operational, sup-

port, and training projections. Particular attention will be given to
simplicity, human factors engineering, and reliability of automatic fea-
tures to minimize support costs, operator spaces, and mission response -

time.
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ANNEX A

Mission Profile

+ ..

Tactical Bridge Access/Egress System

THREAT:

"- ,'WEAPONS POSING THREAT TO SYSTEM

CFA MBA DIV REAR AREA CORPS REAR AREA

Small Arms X X

Artillery X X X X
Tanks X X
ATGM X X 4
TAC Air X X X X

Mines X X X X

BATTLE CONDITIONS: The Tactical Bridge Access/Egress System will be

employed in the combat zone under conditions of low, mid, or high

intensity conflicts.

GEORGRAPHIC AREA OF OPERATIONS: The primary area of operation for the
foreseeable future is comparable to Western Europe. However, this sys-

stem will be operated in climatic categories 1 through 6 under realistic
battlefield conditions and adverse weather conditions.

MISSION: To provide trafficability for wheeled and tracked vehicles .

over soils and slopes normally impassable and to assist those vehicles in

access/egress from river crossing sites. The system will consist of soil

and bank reinforcement capable of being installed using personnel and %'.,

equipment organic to engineer units.

a. Type Operations Undertaken:

Rate of Vehicle Vehicle
Type Opration Employment Man ower Passes Capacity

Swim/Ford Vehicle 8 sites in 4 squads 25 CL 60

Access/Egress 1/4 hr

Move Brg/Raft to 200 m/hr 10 men so CL 25
Site

Sustained Traffic 400 m/hr I platoon 3000 CL 60 (10%)

b. Mission Requirements per Division:

42
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Average Length Mission Per -

of Lane/Mission Crossi ngQ O .)n.. .* --

Swim/Ford 15 m 8
Move Brg/Raft to Site 120 m 4
Sustained Traffic 150 m 8

c. Site conditions to be overcome are those found adjacent to and
in waterways found in Western Europe during all seasonal variations.

d. Estimated Percent of Time Employed in Each Area: -

CFA MBA DIV REAR AREA CORPS REAR AREA .,

100% 20% 70% 10%

MOBILITY: System can be transported on vehicle types presently organic ,.-.. -,

to Combat Engineer Companies and Float Bridge Companies with no unaccept- ..-

able degradation of the present mobility of those units.

OPERATIONAL ENVIRONMENT: 80% of employments will be at night in blackout
conditions.

COUNTERMEASURES: Direct observation, sensors.

a..

°" ° - °.- - a .°. - °=
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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. O. BOX 631

VICKSBURG, MISSISSIPPI 39180 ,. i

,. f.fL' .99. 10, WESSS 11 April 1978 "..

MORANDUM FOR RECORD

SUBJECT: Traffic Tests on M19 and M8A1 Landing Mats for Tactical Bridge
Access/Egress Applications

1. During December 1977, accelerated traffic tests were conducted at the
WES on M19 and M8AI landing mats for the purpose of determining how these
current inventory items could best be utilized for bridge access/egress
applications. The M119 and M8AI mats are depot stocked items which weigh
4.3 and 7.5 lb per sq ft, respectively. The M19 mat is a sandwich-type
structure containing an aluminum honeycomb core bonded top and bottom to
aluminum skins (Incl 1). The individual panels, 1.5 in. thick, 50-1/4 in. P@

long, and 49-1/2 in. wide, weigh approximately 71 lb. The M8AI rolled
steel mat is fabricated from 0.125-in.-thick sheet material (Incl 2).
Nominal dimensions of the M8Al mat are 1 ft 7-1/2 in. wide by 11 ft
11-1/4 in. long, with an overall panel thickness of 1.125 in. The weight
of this mat is 144 lb per panel.

2. The test section was located under a hangar-type structure to provide ,.fm .
protection from the elements. The test section was excavated to a depth
of 24 in. below grade and backfilled with a heavy clay. The test section 7 2
covered an area 5,4 ft long and 12 ft wide, and consisted of items 1 and
2 as shown on Tncl -. An approach area was provided at each end of the
test section to provide a maneuver area for the test vehicle during the
application of traffic. The in-place CBR of the test section prior to
traffic had an average of 0.5 for the top 12 in. Soil data are summa- ..
rized on Incl 4. The test section prior to placement of mat is shown ""-, "8
on Incl 5. The 1,19 and M8Al mats were laid on the test section (Incls 6
and 7) and connected with an H-connector at their juncture (Incl 7). %
The M19 panels were placed in a normal brickwork pattern with the male-
female Joints parallel to the direction of vehicular traffic and con-
tinuous along the test item length (Incl 3). The M8Al panels were placed
in a pattern such that adjacent sides were joined by connectors consisting
of bayonets and slots (Tncl 3).

3. Traffic tests were conducted with a 5-ton military cargo truck and
a ,48A combat tank. -he 1154 cargo truck (Incl 8) was loaded with a
20,000-lb payoad (ross weight, 40,000 lb) and the llx20, 12-ply tires-
were irf ,, to 70 Psi. These conditions renresented the hig-hway '-' .

.. q. v. .. J-.,
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SiJBJCT: Traffic Tests on !19 and M8h\1 Landint- Mats for Tactical "rid.

Access!E.gress" Applications " '

loading for the truck. The MO8AI tank (TIc] i)) was loaded with 8000 it " -
(approximate grss weight, 106,000 lb). Traffic was applied in a
channelized nattern similar to that which would be encountered in actual
road cunditions. T iraffickirng of the test section was scheduled for
2700 passes of the M5h truck followed with 300 passes of the fl48Al tank.

4. A view of the overaLl test section prior to traffic is shown on
Tncl 10 an,' a view of itms I as] 2 are shown on Incls 11 and 12, resDo-
tively. As the >150 truck moved across the test items, bow waves were -- '..'
very evident on item 2 (M8AI mt); however, very little movement was .

noticed on item 1 (41 mat). After 3? passes, the bow wave action on

item 2 had causel some subgrade material to be fo- zed from beneath the
mat up through the joints anid to the sides of the test section as the
panels were bein, pushed into the subgrade by the truck. The maximum
subg-rade elevations along the edpes of items 1 and 2 were approximately
1/2 and 6 in., respectively, higher than the adjacent mat surfaces. As
traffic was contihoed, the M8AI mat progressively sank and subgrade
material continued to be pumped up through the joints and out along edges
of the section. inclosure 13 shows the condition that existed on item 2
after 70 truck passes. The maximum distance from the top of the subgrade
adjacent to the mat edges and the mat surfacc on item 2 was 20 in. (Inci 14).

The subgrade along the edges of item 1 after 70 passes was approximately
3/4 in. higher than the adjacent mat surface. A view of item I after

70 passes of the truck is shown on Incl 15.

5. After 15D passes, the truck rear wheels began to slip at the transi-
tion, where item 2 had been forced approximately 12 in. lower than item 1.
As the vehicle was backing from item 2 onto item 1, the truck slid off the

M8Al mat into the subfrade (Incl 16). Although the M8AI mat was not
damaged, item 2 was considered failed due to the uneven surface of the
mat which would hinder the maneuverability of a vehicle. Inclosure 17
shows the 36 -in.-deep depression which formed as the M5), truck slid off
item 2. The maximum change in both cross-section (Incl 18) and profile
(Inels 19 and 20) measurements from the beginning to 150 passes of the
truck on item 2 was 17.6 and 16.6 in., respectively. Profile and cross-
section measurements on item 1 are shown on Incls 19-21. The M19 mat
(item 1) remained undamaged after ]50 passes of truck traffic (Tncl 22').

6. At the completion of 150 passes, traffic was discontinued on the
item 2 matting (M8AI). Traffic was then continued with the truck on the
!,19 mat. After the completion of 2700 truck passes, no visible darage -,, .."'.
had occurred to the M19 mat (Incl 23). The subgrade elevation along the
edges of item 1 measured up to 4 in. higher than the adjacent mat surface
(Incl 24). Te maximum change in both cross-section (Incl 25) and
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profile ( inc1 26) mean-urerner is fro th- beg i : to 2700 truck sa:.;e"
was 1."' in.

7. To eva]uato the effects of tank traffic on the mat, the M4.8A1 tank
was used to traffic the test section at the completiin of the truck tests.
After f passes of the M48A1 tank, th.e outer edges of M19 mat were riushe"l
down into the subgrade approximately 6 in. As the tank was removed from.--'
the test area, the outside edges of the mat sprang upward 3 in. and were:
suspended by the cont-nuous male--female joint running parallel tc the
direction of traffic. The maximum distance from the top of the extruded
subgrade to the top mat surface was 7 in. and occurred adjacent to the
west edge of the test section (Incl 27). The two outside runs of mat -
were compressed further into the subgrade on each successive pass of the -. -

tank. This continuous stress on the top lip of the male connector
eventually caused the connector to break for a total of 20 continuous ft
or 'ianels after 56 passes of the tank, and the bottom of the tank
began dragging on the mat surface. A view of item 1 at the conclusion
of traffic is shown on Inel 28. The subgrade elevation adjacent to the

mat edges measured approximately 20 in. higher than the mat surface
(Inel 29). The maximum change in cross-section (Incl 25) measurements
from 2700 truck passes to 2756 total passes was 7.8 in. and occurred

along the west edge of the test section. The maximum change in the
profile measurements due to tank traffic taken parallel to traffic and
in the traffic line west of the center line (Incl 26) was approximately
4 in.

8. Results of this investigation indicated that:

a. The M8AI mat will sustain 150 passes of a M54 truck loaded with
... a gross weight of 40,000 lb when placed on a clay subgrade with a COR

of 0.5. The M8AI mat was not damaged; however, the uneven surface of
the mat which existed after 150 passes was considered a hindrance to
vehicle maneuverability.

b. The M19 mat will sustain 2700 passes of a M54 truck loaded with
a gross weight of hO,000 lb and an additional 56 passes of a M48AI tank
loaded with a gross weight of 106,000 lb when placed on a clay subgrade
with a CBR of 0.5.

9. It is recommended that further traffic tests on M8A1 and M1.9 mats
be conducted on a I to 2 CBR suhgrade. Th, future testing program should
include traffiking tests on the M18AI mat both with and without mat O*. -O
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WE S S S11 April 1978
SU-1JECT: Traffic Tests on 1,19 and M8Al Landing Mats for Tactical Bridge

Access/Egress Applications

runners and on various lay patterns of M19 mat. The results of these
traffic tests should be used for guidance in future investigations.

asnc Engineer

Landing Mat Branch

CF w/incl:
DDML'f/4r. K. K. Harris
DRD.Q-L/.. W. R. Abell
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SUMMARY OF WATER CONTE4T, DRY DENSITYr A'ND CBR DATA

NUMBER WATER DRY
OF OE PTH CONTENT OENIrYTN

PASSES LOCATION IN, PCF CBR- -

0 CEmrER OF 0 41.? 168.0 0.5,
PANEL 2 48.9? (8.sl 0.5

1249.2 67.681
A VG. 4-q, 1 48.1 5

Y 74 CENTER OF 0 48.46 647.1 as
PAN EL 1J448.4 /07.3 0-s'-

+2 8.(4 47.2
AVG. 48.s 67.2 e.

IncJ. 4
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DEPARTMENT OF THE ARMY

WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. 0. BOX 631

VICKSBURG. MISSISSIPPI 3:180

-........ 16 Ma- 19- "

I.EMORAIDUM FOR RECORD

SUBJECT: Evaluation of MSA8P Mat for Bridge Access/Egress Surfacing

, 1. During the period January-February 1978, traffic tests were conducted

at the Waterways Experiment Station on MSA mats for the purpose of
determining how this inventory item could best be utilized for bridge .
access/egress applications. The M8AI steel landing mat panel (Incl 1) is ,-
approximately 12 ft long by 19 in. wide and 1 in. thick and weighs 144 lb

or 7.5 lb/sq ft. The panels were fabricated from FS-1015 or -1020 (same %
as current AISI, C-1015, and C-1020) steel having a minimmn yield strength

• of 33,000 psi conforming to Federal Specification QQ-L-006 4 0. The 1/8-in.-

thick material is formed into ribbed panels by a steel rolling mill. During
placement, the panels are hooked together along the sides (12-ft length)
by inserting the connector hooks into the connector slots while holding
the panels at 35 to 40 degrees to each other. After engagement, the panel
is slid approximately 1 in. to align the locking lugs with the corresponding-
slots and dropped into position. The locking lugs when engaged in the
locking lug slots prevent lateral slippage of the panels.

2. The test section, which was 52 ft long and 15 ft wide with the subgrade

• "processed to a depth of 24 in. (Incl 2), was located under a hangar-type
structure to provide protection from the elements. The subgrade material -"-.'
was a heavy clay (buckshot), processed (Incl 3) to a controlled water con-

a-. tent, and placed in the section in two lifts by dump truck (Incl 4). The
bottom and sides of the subgrade were lined with polyethylene sheeting to
prevent the material from drying out. The subgrade was spread with a

. D4 Caterpillar and compacted with a Roy Go Vibrator Romper (Incl 5). An

approach area was provided at each end of the test section to provide a

a-a-.Maneuver area for the test vehicles in the application of traffic. A
summary of the soil data is presented on Incl 6.

3. The test section was divided into three items (Incl 2) to test three

placement patterns. In all items the panels were placed as previously
described. In addition, items 2 and 3 were placed on MSAI runners spaced
10 ft apart from center to center (i e! 7). In item 3, the runners and

panels were welded at four places on each run of mat with each weld approxi-

mately 2-1/ 2 in. long (Incl 8). No welds were used in item 2, but the
panel were in contact with th- runniers. All items were generall~y smooth
with a transverse slope fron eat to west. A general view of the secticn
iprior to traffic is shown on Incl 9. JX.
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W" 7SsS 1.6 May 1978
SUBJECT: Evaluation of M8Ai Mat for Bridge Access/Egress Surfacing

4. In-place subirade densities, water content, and CBR's of the soil were

measured before, during, and after traffic tests and are given on Incl 6.
These measurements were made at the surface of the subgrade and at depths
of 6 and 12 in., with a minimum of three values at each depth. Elevation - -"

measurements of the mat surface (transverse and longitudinal) were

recorded before, during, and after traffic to determine permanent deforma-
tion of the test section and to reveal the development of roughness. These . "-

readings are shown on Incls 10-15. Visual observations of the mat, subgrade .

behavior, and other relevant factors were recorded throughout the period - -.

of traffic and were supplemented by photographs.
5. Mixed traffic was applied with two military vehicles. The 5-ton, M54

cargo truck (Inc! 16) had a gross load of 40,000 lb distributed on 10,
11 x 20, 12-ply tires inflated to 70 psi. This vehicle was used in apply- .++* j
ing 2700 vehicle passes. The M48A1 combat tank (Incl 17) with a gross
load of 106,000 lb was used to apply 300 passes for a grand total of 3000
mixed passes. The sequence of traffic was truck 0 to 1800 passes, tank
1801 to 2000 passes. truck 2001 to 2450 passes, tank 2451 to 2500 passes,
truck 2501 to 2950 passes, and tank 2951 to 3000 passes.

6. Item 1 traffic test (M8A1 maL--no runners). Prior to traffic, the mat
surface was generally smooth (Inel 18) but contained a transverse slope
from east to west of approximately 4 in. (Incl 10). The CBR of the subgrade ' -
before trrffic was 1.2 (Incl 6), and the loaded M54 truck caused the mats
to rock (undulate)and seat into the soil on the initial passes. The panels
were forced down by traffic and/or the subgrade was being forced to the
edges of the mat. Some soil was being extruded up onto the mat surface --..

through the connector and locking lug slots. After 200 passes, the mat t
surface was from 1 to 2 in. lower (Incls 10 and 13) than at the beginning
of traffic. The subgrade on the east edge was over 3 in. higher than
the adjacent mat surface (Incl 19). However, there were no breaks nor
unusual wear noted in the mats.

7. The item remained in good condition and performed satisfactorily as
traffic continued. At 1000 passes, the subgrade on the west edge was eiSq

6 in. higher than the adjacent mat surface (Incl 20) even though the mat- -.

had sprung (rebounded) up to 2 in. off of the underlying subgrade. After
1800 passes, the subgrade on the west edge was approximately 12 in. higher

than the adjacent mat surface (Incl 21), and the mat was above the under-
lying subgrade 2 in. The panels were deformed somewhat, and measurements -
(Incl 22) indicated a maximum change from a 12-ft straightedge to be
3/4 in. in item 1. The croos sections and profile data (Incls 10 and 13) 'O, +'
showed that the mat surface generally changed uniformly between 200 and

1800 passes. -'

..--....
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ESSS 16 May 1978
SUBJIWCT2: Evaluation of 148AI Mat for Bridge Access/Egress Surfacing

8. The M46A1 tank tracked the section for the next 200 passes (1801 to 0 --0
2000 total). The overall track width of 143 in. almost matched the panel
width of 144 in., and the slight maneuvering required in guiding the tank
caused portions of the tracks to wander off of the mat edges part of the
time. The tank forced the ends of the mats into the subgrade, but the mat
ends would spring back after the tank moved off. After 1830 passes, the
mat ends were 4 in. higher than the underlying subgrade; and after 2000
passes, they were 5 in. higher. A general %iew of the item after 2000
passes is shown on Incl 23. Cross sections and profile curves (Incls 10
and 13) show very little change in the mat surface caused by the 200
passes of the tank. Soils data (Incl 6) taken in the east wheel path
indicate an increased strength of 0.2 CBR. After 2450 passes, the truck
traffic caused the mat's edge (east) to be off of the subgrade only
2-1/2 in.; but after the next 50 passes of the tank, the mats were off
of the subgrade over 4 in. After 3000 passes, the panels were still in
good condition, but some permanent set was noted (Incl 22). Cross section
and profile curves (Incls 10 and 13) indicate the mat surface has changed
an average of approximately 4 in. during the tests. The item after 3000
passes is shown on Incl 24.

9. When the panels were removed, three panels had the end (east) connector
hook broken off at the base, and five other panels had a crack at the same
connector hook. Three other cracks were noted at the connector hook on
the panels. The cracks were less than 1/2 in. long. The panels were
reconnected by four men in the same position as previously connected, and
ft required 22 minutes to connect five panels.

10. Item 2 traffic test (M8AI mat--runners, no welds). Priu! to traffic,
tne mats had a transverse slope (Incl 11) from east to west, but the sur- -f
face was generally smooth (Incl 14). A general view of the item is shown
on Incl 25 at zero passes. The load wheels of the truck were 97 in. from
outside to outside, and they ran just inside the runners which were approx-
imately 100 in. apart (inside edge to inside edge), and this caused the
mats to become permanently set with traffic which was noted at 20 to 30
passes and had increased to 1-1/2 in. as shown on Incl 22 after 1800 passes.
No breaks or damage were noted at this time. The mats were seated an
average of approximately 1 in. during the first 200 passes and increased * . -

only slightly up to 1800 passes (Incls 11 and 14). Inclosure 22 shows
the vanels were uniformly dished 1-1/2 in. A closeup of the item is shown
on Incl 26 after 1800 passes.

11. The tank traffic embedded the runiners further into the subgrade from
1800 to 2000 passes, but the mats sprung back off of the runners 1 in.
after 1850 passes and were up 2 in. after 2000 passes (Incl 27). The 200
passes of the tank caused very little change in the mat surface as revealed

I -. . •
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TdESS Sr:y1?
S U1JECT: Evaluation of !18M1 Mat f r f ride ;r ,'--".
by the level readings (Incls 11 an,! 1,'. . " . w-- dished less 0

(md•.c o " -

after th tank traffic than at 1800 taou': o ,: as s. own by panel 1L on
Inc! 22. ir-e average 033 after 20p: otae.in the catwheel path
under panel 15 was I.4 (Inci 6).

12. The mat surface elevation cha:.ge an average of aosroximate ly%
1/2 in. (l ck 11 and 1,) between 2002 and 3000 passes, and the dishing
measurement had reduced slightly (Inc! 22). The mats were still 2 in..0
off of tle runners. Inclosure 28 shows the item a: the end of traffic.

13. When the panels were removed, two I/h-in, bre .ks were discovered at
the base of connector hooks. The mats were in good condition and in a ..
trial relay were relai without any unusual difficulties.

14. Item 3 traffic test (tASAl mac--welded runners). The mat surface in
item 3 was generally smooth at the beginning of traffic with a transverse
slope from east to west (Incls 12 and 15). An overall view of the item
prior to traffic is shown on Inc! 29. Ancroximately '10 percent of total
mat embedment during the test was produced during the first 200 passes oftruck trtffc (las 12 and 15).

15. There w"' less movement of panels causcd by traffic in item 3 than
in the -,'. r items. T'e truck load whel r-!n i 'de he runners and
caused t r<.e>s dis during ti,- fi-L+ 1800 o' sc:, of traffic a maxi-
mum 1of !-3/4 'n. ashw on Ini T2 The t rnk traffic was then applied
along th- e es embei:, runne-cs, ! eiminating some of the dish- " %

inge (1-3/. ase it). after2O0 passes), and caused %
the run.r . u..r above the sub7rade apryIximately 2 in.

l. After of0l p.57cC, the runners were still above the underlying sub-
grad.e, a:r t . hi:.g was les; than a' ei 1 .- r 1200 or 2000 passes (Inc! 20).
The it-m i n sown at the end of traffic in incl 30.

17. After to" -sjoelo were ret-towe,, a visual inor oati of panel: reveal -1
that two h'e o' wo! each that h" , r-tkn. The panel welds were

cIt with a fur re-oval% ; and exc-.t f r - damoge, the panQl-
wore in go j c Lrd! ti f for reu:;e. T;.e cc:i] :at-r (Irsol 6) show tO-it the -.

suhgra .:orer.thi h- oly inoc,;: 1f l 0 C Oh!] duri:.g -, t"o'

.7 , . 0.-
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SUBJEC: Fvaluation of MA]. Mat for Bridge Acess,!-,ress Sucfacing

b. Item 3 (welded runners) embedied into the sungrad. (surface el,-_.
vati' en changt"e) less than item 2 (nel:; 12 -u- 15 versus lad- 1.1 an] 14),

*. anod item 2 embedded less than item 1 (into 11 and 14 versus In(ls 10 an'
i'--'., 1,

c. Frm visuil observations, ther 2 was more mat movement in item 1

under traffic than in the other two items, and item 3 had the least mat
movement.

d. I* was considered fve 3ilel to reu.e the pan els frcm item 2 an'.. 3
but somewhat doubtful that- the panel:; in item I were suitable for reuse
because of the time and effort that would be required to reconnect the
panels.

e. Item 3 panels had some holes which were made by the cutting, torch
when the welds were cut for -ranel removal but otherwise were in good -

• 'condition. .. ...

19 Basei on rests of these te - t, it is concluded that BSAl mat without-
runers will support the required traffic. Additional tests of ,"Al mat "-
without runners will be conducted with membrane underlay to determine
membrane recformance in preventing, extrusion of soft subgrade material

,1ra mat joints:.

"-"" 32 Dc-! G L. Crr . .. ,
' ,( 'P vit Enine ering Technici an ".
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SUMMARY OF CBR, WATER CONTENT, AND DENSITY DATA

Number 'later Dry
Of Depth Content Density Rated

Passes Location in. /0___ pcf CBR CBR '.

0 Panel 17 0 34.0 82.1 1.3
06 33.7 82.7 1.1

12 33.5 80.5 I
Avg 33.7 81.8 1.2

2000 Panel 15 0 33.8 82.5 1.5
East 6 34.3 81.5 i . )

12 34.4 81.0 1.3-

Avg 34.1 81.7

3000 Panel 8 0 33.9 81.8 1.4 _- i
East 6 34.1 81.6 1.4

12 33.8 81.5 1.3
Avg 33.9 81.6 1. 4

1.3

Incl 6 Summary of soil data

.57
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PERMANENT SET OF PANELS

Deviation from a 12-ft Straightedge, in.

Item Panel No. Passes East Rut __ West Rut

1 14 18o0 3/14 3/8 5/8

1 14 2000 1-i/h 0 1*

1 14 3000 1 0 1-1/h

2 114 1.8oo 1-1/2 1-1/2 1-1/2

*2 114 2000 1/2 3/8 1/2

2 ill 3000 1/4 0 1/4

3 27 1800 1-1/2 1-3/h 1-3/h

3 27 2000 1 3/h 1

3 27 3000 1/2 1/2 5/8

Permanent set measurements

Incl 22
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MEMORANDUM FOR RECORD--TRAFFIC TESTS ON M19
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DEPARTMENT OF THE ARMY
1•o'°WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. 0. BOX 631

VICKSBURG. MISSISSIPPI 39180 O 0

. ESSS 5 July 197,"

-MEMORANDUM FOR RECORD - "

SUBJECT: Traffic Tests on M19 Landing Mat for Tactical Bridge Access/Egress
Applications

..-. tW .

1. During March 1978, accelerated traffic tests were conducted at the WES
to determine how the current 1419 landing mat inventory item could best be
utilized for bridge access/egress applications. The .M19 landing mat is a
depot stocked item (Federal Stock No. 5680-930-1524) which weighs 4.3 lb
per sq ft. The M19 mat is a sandwich-type structure containing an aluminum

- honeycomb core bonded top and bottom to aluminum skins (Incl 1). The indi-
vidual panels, 1.5 in. thick, 50-1/4 in. long, and 49-1/2 in. wide, weigh
approximately 71 lb.

2. The test section was located under a hangar-type stru ture to provide
protection from the elements. The test section was excavated to a depth of
24 in. below grade and backfilled with a heavy clay. The test section was
surfaced with M19 mat placed in three different laying patterns and covered
an area 58 ft long and 16 ft wide, and consisted of items 1, 2, and 3 as

- shown on Incl 2. An approach area was provided at each end of the test
section to provide a maneuver area for the test vehicle during the application

.-%'"',of traffic. The in-place CBR of the test section prior to traffic was an
average of 1.2 for the top 12 in. Soil data are summarized on Inel 3. The --

item 1 panels were placed in a brickwork pattern with the male-female joints ' "
perpendicular to the direction of vehicular traffic and continuous across
the test item width (Incl 2). This lay pattern is the standard Na9 lay -"-

-"-'" pattern that has been rotated 90 degrees. The panels in item 2 were placed -..

in a brickwork pattern with the overlap-underlap joints perpendicular to
-4--' the direction of traffic and continuous across the test item width (Incl 2).

The standard 19 lay pattern with the male-female Joints parallel to the O. ,-°

direction of traffic and continuous along the test item length was utilized

for placement of item 3 panels (Incl 2).

3. Traffic tests were conducted with a 5-ton military cargo truck and a
- Mh8Al combat tank. The M54 cargo truck (Incl 4) was loaded with a 20,000 lb

payload (gross weight, 40,000 ]b) and the 11X20, 12-ply tires were inflated
to 70 psi. These conditions represented the highway loading for the truck. _O 5
The M49A1 tank (Incl 5) was loaded with 8000 lb (approximate gross weight,
106,000). Traffic was applied in a channelized pattern similar to that which
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SUBJECT: "raffic Tests on 1419 Landing Mat for Tactical Bridge Access/Egress

Apni ications

would be encountered in actual road conditions. Mixed traffic was applied
l th the M54 truck applying 2700 passes and the M48Ai tank applying 300

passes for a grand total of 3000 mixed passes, The sequence of traf'fic was
truck 0 to 1800 passes, tank 1801 to 2000 passes, truck 2001 to 2450 passe-, - S
tank 2451 to 2500 passes, truck 2501 to 2950 passes, and tank 2951 to 3000
passes.

4. A view of the overall test section prior to traffic is shown on Incl 6
and a view of items 1, 2, and 3 are shown on Incls 7, 8, and 9, respectively.
As the M54 truck moved across the test items, small bow waves were evident on
items 1 and 2, however, no movement was noticed on item 3. The continuous
joints across items 1 and 2 allowed the runs of mat to move up and down
as the truck moved across the mat. After 200 passes, the mat surface remained
generally smooth (Incl 10). Runs of mat in items 1 and 2 had moved from
east to west approximately 1 in. Identification paint marks were placed along
the east edge at each mat joint as shown on Incl 10 in order to measure the
lateral mat movement as traffic continued.

5. After 1800 truck passes, no apparent damage had occurred to either of the
three test items (Incls 11-13). The maximum lateral movement in item 1 was
4-1/2 in. between runs 3 and 4 and in item 2 was 3 in. between runs 6 and 7.
The movement at the transition of items 1 and 2 was 8-1/2 in. No lateral
movement had occurred in item 3. At the beginning of traffic, the mat con-
tined a transverse slope from east to west of approximately 3 in. (Incl 14-19).
This condition, along with the application of traffic, caused the runs of mat
to move laterally. The average maximum change in cross-sections (Incl 114-19)
from the beginning to 1800 truck passes on item 1, 2, and 3 were approximately
1.0, 0.9, and 0.7 in., respectively. Profile measurements (Incl 20) indicate
less downward mat movement in item 3 than in items 1 and 2.

6. Prior to further traffic testing with the 1h4SA1 tank, all the mat was
* shifted and straightene Isuch that the panels were in their sane approximate

po ;ition as at the initial start of traffic testing. After 200 passes of the
1M4AI tank, the outer edges of the M19 mat in all three test items were

pushed down into the subgrade approximately 1-1/2 in. The downward mat move-
ment is shown in the cross section data (Incl 14-19). An overall view of the
test section after 2000 total passes is shown on Incl 21. No damage had
oncurred to the mat and the mat did not shift laterally from east to west die
to the tank embedding the mat into the subgrade during traffic. Soft subgrade
material w-s extruded up thru the mat joints at several locations as shown on
"nc 21.

7. After 000 r) total passes, no damage had occurred to the mat. The outer "'
o! res of the mat were pushed down into the subrade approximately ]-%/4 in.
7Th-re wan a minute cnange in the Cr, ss section an .orofile marurenent-.- .
fron 2000 to 3000 total passes (Incl 14-20). A viow of items 1, Z, "nd
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-.. WESSS 5 July 1978
SUBJECT: Traffic Tests on M19 Landing Mat for Tactical Bridge Access/Egress

Applications ..
..O .e •

3 at the conclusion of traffic is shown on Incls 22-24; respectively. As
the mat was removed from the test section, it was noted that all connectors

-. were filled with soft subgrade material which had entered the connector
cavities during traffic. -

8. After the mat was removed from the test section, the Mh8Al tank was used
to traffic the unsurfaced test section which was a 1.3 CBR. The test section .
prior to traffic is shown on Inel 25. The tank's first pass produced a 3-in.
rut in the subgrade (Incl 26) and each successive pass produced a deeper rut.
The tank's undercarriage began to touch the subgrade after 9 passes. After
50 passes, the bottom of the tank was dragging the subgrade for the entire
length of the test section (Incl 27). The maximum distance from the top of
the extruded subgrade along the west edge of the test section to the bottom
of the tank track was 30 in. (Incl 28). Due to the tank dragging on the sub-
grade and thus causing the tank to lose mechanical power, tank traffic was
discontinued after 50 passes.

9. Results of this investigation indicated that:

-.. '*-a. All of the test items sustained 3000 passes of the mixed truck and

tank traffic and were serviceable for continued traffic.

% b. The standard lay pattern (item 3) can be placed easier than the lay
pattern of item 2. The item 3 lay pattern is placed such that orientation
of the panel's internal honeycomb core is stronger with respect to the
direction of traffic than the item I lay pattern.

c. From visual observation, there was more bow wave movement in
*-.- items l and 2 than in item 3. . -

d. The panels in all three test items were in good condition and were
suitable for reuse after cleaning mud from the connectors.

" e. The Mh8Al tank loaded with a gross weight of 106,000 lb can negotiate
on a clay subgrade with a CBR of 1.3 for 50 repetitive passes. --

10. It is recommended that further traffic tests of M19 mat be conducted on
mat panels placed in the standard lay pattern with membrane underlay to
determine membrane performance in preventing extrusion of soft subgrade ' '

material through mat joints.

CAROLLJ.SMITH
Engineer

28 Incl Landing Mat Braich-
as

" CF w/incl:
DRDME-M
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SUMMARY OF WJ. .t CONTEINIT DRY DENSITVY CEIR DATA

NUMBER WATER DRY
OF DEPTH CONTE NT DEAJ51TY

PASSES LOCATION IN. PCF CSR

0STA. 0-t36 0 35.0 80.4- /
3S480 1.20 0

OF S0CT/DpAd) 134.4- 61.1 1.

AV934.8 80.7 1.2a
3000 GTA 0*.30 0 35.3 611.2 .

(4' w.EST 634.Z 8Z.0 /.Z
CE~r~R.>L/Nc) 12 3A8. __

AV6 3.3.8 8Z.7 J.30

Incl 3
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DE-PARTME.NT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. O. BOX 631 -'" Ja.,

VICKSBURG, MISSISSIPPI 39180

Ell, [la.4 October 19

MEMORAi NDL FOR RECORD

SUBJECT: Traffic Tests on M8AI and M19 Landing Mats With and Without
TI7 Membrane Underlay for Tactical Bridge Access/Egress
Apnlications

1. During the period April-May 1978, accelerated traffic tests were N
conducted at the 'JES on M8A7 and '.19 landing mats placed with and with- -'
out T17 membrane underlay for the purpose of determining how these cur-
rent inventory items could best be utilized for bridge access/egress
applications. The M8AI steel landing mat panel (Incl 1) is approximately
12 ft long by 19 in. wide and 1 in. thick and weighs lh4 lb or 7.5 lb
per sq ft. The panels were fabricated from 0.125-in.-thick sheet

material, rolled, and formed into ribbed panels. The M19 landing mat
is a sandwich-type structure containing an aluminum honeycomb core
bonded top and bottom to aluminum skins (Incl 2). The individual panels,
1.5 in. thick, 50-1/4 in. long, and 49-1/2 in. wide, weigh approximately

71 lb or [.3 lb per sq ft. The T!7 membrane is a depot-stocked item
which weighs approximately 0.33 lb per sq ft. The TI7 membrane is a
two-ply, neoprene-coated nylon material which was prefabricated in

sections 36 ft wide and 100 ft long and is designed as a waterproofing

material for airfield surfacings.

2. The test section used in these investigations was located under a
hangar-type structure to provide protection from the elements. The test
section was excavated to a depth of 24 in. below grade and backfilled

with a heavy clay. IL covered an area 82 ft long and ].8 ft wide and

consisted of items 1, 2, 3, and [4 as shown on Inc 3. An approach area .--
was provided at each end of the test section to provide a maneuver area .
for the test vehicle during the application of traffic. The in-place
CBR of the test section prior to traffic was an average Df 1. for the
top 12 in. Soil data are sumarized on Incl It. The T17 membrane was
first placed on the snbgrado of items 2 and 3 and M8Al and .19 ra-ts-

were then laid on the test section and connected with an H-connector at
their Juncture (Incl 3). The '18AI pLnels were plced on it-ms I and 2
in a brickwork pattern (Incl 3) such that adjacent sides were joine by
connectors consisting of bayonets and slots (Inc i). The end c. 1s-

tors were joined by sliding the four nd connector bars into receivin-_
slots; and bending the cover-plate ogh:; down. The V19 pannls were . .
on item-, 3 and 4 in a normal bri cskork ott-, rn with the p'le-fea le
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SU:3J"' "I'ra'fic, Tests on M18AI and ',19 Landing Mats With and Wit~hout

T17 Mlembrane Underlay for T actical Bridge Acce.;s/Egross'
Apsol i cations 0

*Joints narailol to the direction of vehicular traffic and continuous
a.along the length of the test section (Inci 3). A general view of the

I 0
test section prior to traffic is shown, on Inel 5.

3. Traffic tests were conducted with a 5-ton military dump true.i

an :-48.A1t combat tank. The M51 dump truck (Tnc 6) was loaded with a
20,000-lb payload (gross weight, 40,000 lb) and the 11X20, 12-pl> tires
were inflated to 70 psi. These conditions represented the highw-ay
loading- for the truck. The N148A1 tatnk (Inol 7) was loaded with 8000 lb
(asnrox-'mate gross weight, 106,000 lb). Traffic was applied in a

onannelized nattern similar to that which would be encountered in actual
road condit ions. Mixed traffic was used with the M51 truck applying
2700 passes and the iM,48A1 tank applying 300 passes for a grand total of
309 mized psseo.- The sequence of traffic was truck 0 to 1800 passes,
tank 1801 to 2000 pas ses, truck 2001 to 2450 passes, tank 2451 to 2500
psses, truck 2501 to 2950 passes, and tank 2P51 to 3000 Passes.

4. Item 1, traffic test ('.8Al mat - no membrane underlay). Prior to
traffic, the mat surface was generally smooth (Incl 8). During the
initial truck passes, panels were forced diown and deformed by traffic
causing some subgrade material to be extruded up onto the mat surface
thro)ug h the connector and locking lug slots.* After 200 passes, the m-Lt
sur'aret wais an average of 2 in. lower (Inclo 9-11) than at the bogin,1.;.
of tratffc Thne mae were deformed along the truck wheel paths, andI
measourements (Inc 12) indiicated a maximum change of 3-1/4 in. from an
15-ft string, line stretched across the width of the test section. The
east edge of the mat was approximately 3 in. above the underlying sub-
grad'e. A view of item 1 after 200 pas ss of the M51 dum,.p truck is
sho-wn on !nc! 13.

As raiccontinued, the deformation along the truck wheel paths
_rasA nd subg-rade material continued to be extruded up onto the

..............a; c;however, the mat remained in good condition and performed
sat~s: -'131l through 1,00 truick passes (Inol 14). The maximum change

In both cross-,-section (Incls 9 and 10) and profile (Incl 11) measurements
from the begrinning of traffic to 1800 passes- of the M51 truck was 2.7
an. 3. 0 in. 'ho :;'ormanent set meas;urements (Incl 12) indicated a maxi.-

*...raneof 5' 'n. in itom I after 1830,1) poaoses ( 7. The east edge of the

cr00: mat was as r1xiael -1/2 in. above the underlying, subgruade. v7'

'. e *.U--2tn raLcked the "osto or the next 200 passes (1301 toi
2000to a ) 7.'lh tankrushe the r-iJb of' the, mats into the subrsad e, o

te r Lt erni.; w il.i slpri n;- ra ck to an so:warl cuirl after the tank move-,
Ca.'.~-s~je ' A:;ma i.;"_ lI? in. ah1o-!o '.te sulborade as shown on

~. ';;.a:. f cuves( Inclo- 9-11) show little char.-
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T17 Membrane Underlay for Tactical Bridge Access/Egress
Applications

- . in the mat surface caused by 200 passes of the tank. The permanent set

measurements (Incl 12) indicate an increase to 7 in. after 2000 total
-" .passes. After 3000 total passes, the mat was still in serviceable con-

dition; however, several panels had breaks along the vehicle wheel paths.
The maximum change in both cross-section (Incls 9 and 10; and profile
(Incl 11) measurements from the beginning to 3000 total passes was 3.5 in.
The item after 3000 total passes is shown on Incl 17.

S.7. When the panels were removed, 10 of the 24 panels contained breaks.
A summary of panel damage is shown on Incl 18. Since the panels con-
tained considerable permanent set, the mat would be most difficult to
reconnect for reuse. The soil data (Incl 4) show that the subgrade
strength was 1.6 CBR at the conclusion of traffic tests.

8. Item 2, traffic test (M8Al mat with T17 membrane underlay). A
"-- general view of the item prior to traffic is shown on Incl 19. The

initial truck passes produced noticeable deformation in the panels
along the wheel paths. The deformation continued to increase and after
200 passes, the measurements (Incl 12) indicated a maximum change of
2-3/4 in. from a 18-ft string line stretched across the test section.
rele east edge of the mat was approximately 2 in. above the underlying

subgrade. The maximum change in both cross-section (Incls 20 and 21)
and profile (Incl 22) measurements from the beginning to 200 passes was
1.5 and 2.2 in. The mats continued to deform an average of approximately
0.5 in. between 200 and 1800 truck passes (Incls 20-22); however, no

breaks or damage were noted after 1800 passes. The edges of the mat con-
tinued to curl upward with the maximum at the east edge of the mat which

had increased to approximately 3 in. above the underlying subgrade. A
view of the item after 1800 truck passes is shown on Incl 23.

9. The tank traffic caused the mat ends to curl upward during the next
200 passes. The east edge of the mat wa; 6-1/2 in. above the subgrade

after 2022 total passes (Incl 24). Cros:; section and profile curves
(7nc!.; e0-P22) show little changee in the mat surface caused by the tank
traff-c. The nermanent set measirecents (Incl 12) indicate an increase
to 5-1/11 in. after 2000 total passe: The item after 2000 total passe:; " '
_shown on nc ." 25.

0. A+t,r 3000 ,Otal O:sses, the ats w-re till in -erviceable con-ti- S.•
ti )n evn tha,)ugh several panels: cortain,:d break: along the vehicle wh- 1.
'aths. The m-xiron chance in both cr1:;-section (Incls 20 'm1 22) and
rofil (,- (Incl measurements; f'rom the beginning to 3000 tftal passes.

was 2. a"nd 2.0 iS. 7i,-, n is shw; a!t the co11Iu,;icn nf tiaffi !n

¢'-; ~~-'S,-_ -,
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11. After the panels were removed], a Vi.UL inspection of panels reveal od
that 13 of the 24 panels in the item contained breaks. A summary of panel . -

- - danage is shown on Incl 27. The pnels contained considerable permanent.
set; therefore, the mat would be most difficult to reconnect for reuse.
One punctured hole was noticed in the T17 membrane along the east wheel
path. The soil data (Incl 4) show that the subgrade strength was 1.5 CBR
at the conclusion of traffic.

12. Item 3, traffic test (MI9 mat with T17 membrane underlay). The mat
surface in item 3 was generally smooth at the beginning of traffic ., .-
(Incl 28). As the rear truck wheels traversed the mat in a north and

- - south direction along wheel paths which were centered 4 ft east and west
of the center line, small hinging movements were occurring along the ,-. -,.
male-female connectors. These deflections are indicated on the 200 and
1800 passes curves as shown on Incls 29 and 30. A view of the item after
1800 passes is shown on Incl 31.

13. Tank traffic was applied for 200 passes (2000 total passes) and
caused no significant change in the condition of the mat. After 3000 Z
total passes, the mat was still in excellent condition. The maximum
change in both cross-section (Incls 29 and 30) and profile (Incl 32)
measuremerts from the beginning to 3000 total passes was 1.6 in. An
overall view of the item at the conclusion of traffic is shown on ncl"
33. The mud on the surface of the mat as shown on Incl 33 was caused
by water leaking from holes in the hangar's roof onto subgrade which
was tracked from items 1 and 4. After the panels were removed, no holes
were noted in the T17 membrane. The soil data (Incl 4) show that the
sub;rade was 1.5 CBR at the conclusion of traffic.

14. Item 4, traffic test (,19 mat - no membrane underlay). Prior to
Straffic, the mat surface was generally smooth (incl 34). Small hinging

movements were occurrng along the male-female connectors as the rear
truck wheels traversed the mat in a north and south direction along
wheel paths which were centered 4 ft east and west of the center line .
Deflections along the wheel paths arc indicated on the 200 and 1800 passes
curves as shown on the 200 and 1800 passes curves as shown on Incls 35
and 36. The item after 1800 truck passes is shown on Incl 37. ---

15. The additional tank and truck traffic caused no significant change
in the condition of the mat. The item after 3000 total passes is shown 'm ,
on Incl 38. The maximum change in both cross-section (Incls 35 and 36)

. and profile (Incl 32) measurements from the beginning to 3000 total
passes was 1.2 and 1.5 in. The soil data show that the subgrade strength
was 1.5 C!I? at the conclusion of traffic.
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Applications

" ""16. Traffic tests on unsurfaced and membrane surfaced items. After all
the mat was removed from the test section, the T17 membrane on item 2
was moved to item 4 and the M51 dump truck was used to traffic the
unsrfaced subgrade (items 1 and 2) and the membrane surfaced subgrade
(items 3 and 4). The subgrade strength of the unsurfaced and membrane
surfaced items was approximately 1.5 CBR. The test section prior to . -
traffic is shown on Incl 39. The truck's first pass produced a 14-I/2-in. .'"--
rut in the unsurfaced item (Incl 40) and a 6-i/4-in. rut in the membrane
surfaced item (Inel 41). Each successive pass produced deeper ruts and
after 10 passes, th rut depth on the unsurfaced and membrane surfaced
items was 19 and 14-1/2 in. After 10 passes, the rear springs of the
truck were dragging the subgrade for the entire length of the unsurfaced
item (Incl 42) and the edges of the unanchored membrane were pulled into

• the ruts by truck traffic (Incl 43). The rear springs of the truck were -
*'.'-" also dragging along the membrane surfaced item. Truck traffic was .. .

discontinued after 10 passes.

17. Results of this investigation indicated that: "-.

a. All four of the test items sustained 3000 passes of the mixed
truck and tank traffic and were serviceable for continued traffic.

b. The T1T membrane underlays beneath items 2 and 3 prevented
extrusion of soft subgrade material through the mat joints.

c. The M8AI panels in items I and 2 were not suitable for reuse t X.tut-
because the panels were deformed and would be most difficult to reconnect. . -

d. The M19 panels in items 3 and 4 were in good condition and were
suitable for reuse.

e. The M51 dump truck loaded with a gross weight of 40,000 lb can
negotiate on a clay subgrade with a CBR of 1.5 for 10 repetitive passes.

43 Incl GARROLL . SMITH
as Engineer O

Landing Mat Branch
Materiel Development Division
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SUMMARY OF WATER COWT-Er)DYOHIY AND0 CBR DATA

NU45ER WAT ER DRY

OF DEPTH C0,WTfW.T DE4ITY

PASSES LOCATIOM 14 7. prCF CR* -

0 RUNJ 24 0 34.1 81.S, /.0

(CE/NTEI9L1E G 33.1 /14 .3

OF SECTION) 12. 33.0 e/.9 /.3

AVC, 33,47

.3000 RUN 6 -ITC-M 1 0 33.4 63.1 1.

(4' EA!ST OF 434.8 )..Z1

CL,.j7ERL1AlE) l2 32.3 84.021

AVG 33.5 83.3

3000 RVUN 18-ITEM ?_ 0 34.0 83.2 1.4

(, WE~ST OF 633,q 82.6 1.4

CE,.JERLIN.E) 12 33.4 84.5 1.8 C

AVG 33.8 83.5' 1.5-

3000 PAN~EL I-Ir-M 3 0 34.1 83.4 /.3!%e

(4' WEST OF (0 35.0 03.7 14

CENTERLINE) 12 33.4 84.7 .

AVG 34.8 83.9 .

3000 JOINT PAN ELS 0 35.0 83.0 .

2Z i ZG-ITEM+ 34.7 83.Z 1.3

W4 EAST OF 12 .33,q 84.2Ie

C E N rE RL I WE) AVG 34.5 0. .5***

Inci 4
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PERM4ANEN4T' SET OF MAT

DEVJAT)O?4 FROM A 18-FT .5TRI~r LIV~E A

TE m RUN4 NO. PASSES EASr RUT WEsr RUT

4- zoo 2-1 3 3 !/4
4 1800 4 44 -.-

4 2000 6 6z

1 7 200 3 4 .3 /
7 /800 4 Vz 33/43/

7 eoCo 7 /./

zoo 311/2 V 2'/4
4800 543/z

z 16' zoo0 1 -9/4 2/4

15 zoo Iz 2 VaZ

le zoo 11/4 1 4
)e 1800 2 i/L 21/4 Z'/z
18 2000 51/8 4/4

a izoo z z47-/4 V
2.1 1800 3 VZ .33
21 2000

Incl 12
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SUMMARY OF ITEM 1 PAIJEL DAMAGE AFTER 3000 PASSES

PANEL NO. DESCRIPTION OF DAMAGE

3 Cover plate weld crack

5 Bayonet break

Cover plate weld break

7 Cover plate weld crack - .

9 Cover plate weld break

13 Bayonet break

15 Cover plate weld crack

Break from bayonet side extending
through rib along east wheel path --

17 Cover plate weld crack

Bayonet broken off

Break on the underlap connector ex-
tending from cover plate to end of
panel

19 Cover plate weld crack

Break from bayonet side extending
through rib along east wheel path

Break on the underlap connector
extending from cover plate to end

.J of panel

21 Bayonet broken off

23 Break from bayonet side extending
through rib along east wheel path : .

Incl 18
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-'. SUTLA.RY OF ITEM 2 PA:IEL DMIAGE AFTER 3000 PASSES

PANEL NO. DESCRIPTION OF DAMAGE

25 Bayonet break

27 Cover plate weld crack

Break on the iuderlau connector
extending from cover plate to .0 _*".
end of panel

29 Cover plate weld crack

30 Cover plate weld crack

31 Cover plate weld crack

33 Bayonet broken off

34 Cover plate weld break

Break from bayonet side extending

through rib along west wheel path

-37 Bayonet broken off

38 Cover plate weld crack

Break from bayonet side extending
through rib along west wheel path

41 Bayonet broken off
'-- ~.- v<

42 Break from bayonet side extending

through rio along west wheel path

Cover plate weld crack

45 Bayonet break

146 Cover plate weld crack

Incl 27
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IN ,IPL REF. TO, WESGS 25 June 1979

I 10RANDUM FOR RECORD

SUBJECT: Evaluation of Paper and Aluminum Grids for Bridge Accesslgress
Applications

1. During the period of April-August 1978, both laboratory and traffic -

tests were conducted at the WES on various sizes of Daoer and aluminum ,
grids. The investigations were conducted to determine the suitability ..• .

of these materials as a potential soil strengthening system for bridge
access/egress applications. It was envisioned that the resulting system
would decrease the present time required in preparing access/egress in
gap crossings. Therefore, diu'ing all evaluations there was no special
subgrade preparations nor was there any compaction effort applied to Lhe "
soil placed in the cells of the Tids. Materials used in these tests %.-% .
are described as follows.

a. A paper honeycomb material fabricated from 90-lb linerboard, im- -
pregnated with ?-percent phenolic resin, formed by bonding 0.025-in.-
thick sheets into a structure with 6-in. hexagonal cells that are 6 in.

deep. The size of the honeycomb prior to expansion was 2-15/16 in. by
10 ft 8 in., and after expansion was 24 by 8 ft. This material had a . -
total weight of 57 lb or 0.30 lb per sq ft expanded. (Note: The 9-percent -
resin content of this material was considered by the manufacturer to be
the maximum amount that could be included and still allow the grid to be
expanded once cured. Although an increase in the resin content would
result in greater strength to the grid and render it more waterproof, it
was not considered to be feasible in this type application.)

b. A honeycomb material fabricated from 0.01h-in.-thick 3003-1114
alwuinum alloy sheets, formed by bonding into a structure with 6-in.
hexagonal cells that are 4 in. dee. The size of the honeycomb prior to
expansion was 1-5/16 in. by 10 ft 1-1/2 in. and after expansion was
20 by 8 ft. This material had a total weight of 55 lb or 0.34 lb per
sq ft expanded.

c. A honeycomb material fabricated from 0.01-in.-thick 3003-Hlh1.
aluminum alloy sheets formed by bonding into a structure with 6-in.
hexagonal cells that are 0 in. deep. The size of the honeycomb prior to
expansion was 1-3/8 in. b1y 10 ft 1 in. and after exnansion was .
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20 by 8 ft. This material had a total weight of 86 lb or 0.5h lb per
sq ft expanded.

d. A honeycomb material fabricated from 0.01h-in.-thick 3003-Hlh
'a.. % %m

aluminum alloy sheets formed by bonding into a structure with 6-in.
hexagonal cells that arp 8 in. deep. The size of the honeycomb prior to
exapnsion was 1-1/2 in. by 10 ft 2-5/8 in. and after expansion was 20 by
8 ft. This material had a total weight of 127 lb or 0.79 lb per sq ft O "
expanded.

e. A membrane fabricated from Kevlar material and covered on each
side with a thin neoprene coating. This membrane was 0.013 in. thick
with a weight of 1.8 oz per sq ft. It was supplied in 15- by 40-ft
sections with a weight of 67 lb.

The grids and membrane described above are "off-the-shelf" type items
that were procured from Hexcel Structural Products, Dublin, California,
and Reeves Bros.,Inc., Rutherfordton, North Carolina, respectively.
Several square grids in various cell sizes and cell depths that were hand
fabricated at the WES were also subjected to laboratory tests. This
grid was being tested in other R&D work at WES and laboratory tests were
conducted on it for comparison with the hexamon-shaped grids. These grids
were fabricated from 0.028-in.-thick aluminum. To fabricate the square
grids, strips of the aluminum material were initially cut for the proper
cell death. The strips were then cut at the proper spacings (depending
on cell size) halfway through the depth of the strips to form slots. The
individual strips were then nestled together at the slots to form the
square cells of the grid.

Laboratory Tests

2. Samples of the various honeycomb and grid materials were tested in
the laboratory with a model 1116 Instron testing machine with a 50,000-lb
capacity. The test load was applied at a speed of 0.5 in. per minute and
a stress-strain curve was recorded for each test specimen. The specimens
were cut to fit within a test box which was 28 in. wide by 28 in. long,
and 11-1/2 in. deep (Incl 1). The box size was based on the physical size
of the test machine. The 6-in. cell size, 6-in. deep aluminum honeycomb
grid is shown on this inclosure. Sand was placed in the box to a mini:um.
depth of 2-3/h in. prior to placing the honeycomb. Wo,,d snacers initially
were placed in the honeycomb to keep the cells properly, expanded. The , .
spacers were removed when the cells were almost filled with sand. Approxi-
mately 2 in. of sand was placed over the too of the grid prior to testing.

",.' -- . "--.
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3. The loading head was fabricated from a 3/4-in. steel plate placed on O
top of a 1/4 in. plywood plate sandwiched between rubber pads to simulate
a single tire print (approximately 93 sq in.) of a M54 5-ton truck. A ".
typical test set up prior to testing is shown on Incl 2. A test item at
failure is shown on Incl 3. Sand has been partially removed from the
aluminum grid in Incl 4to show cell failure. The grids were subjected
to these tests both with and without Kevlar membrane placed beneath the 'A
grids to determine what benefits, if any, the membrane would contribute.
A typical membrane failure is shown on Incl 5.

4. Various sizes of paper and aluminum grid materials were subjected to
the laboratory tests as described in paragraphs 2 and 3 above. Laboratory
tests were also conducted on river and concrete sand without the benefit of
any reinforcing material. Concrete sand was used for both the laboratory
and traffic tests as it was more readily available, and it is similar to
river sand (Incl 6). Load-deflection curves for the grid materials are
shown on Incls 7 (hexagon cell without membrane), 8 (hexagon cell with
membrane), and 9 (square cell without membrane). Various laboratory tests
were also conducted on the Kevlar membrane alone. Results of these tests
are given on Incl 10.

5. A surmLary of the laboratory tests conducted on the various grids with
and without membrane underneath the grids is given on Incl 11. The deflec-
tion at 6000-lb load is shown for each grid. This load was used for com-
parison since this is the equivalent single-wheel load of the dual tandem
wheel loading of the M54 5-ton cargo truck with gross weight of 40,000 lb.
These test results show that the aluminum 6-in, hexagon cell, 4-in. depth,
grid with membrane supported the 6000 lb with the least (0.90 in.) deflec-
tion. The aluminum 6-in. hexagon cell in the 6 and 8 in. depths with mem-
brane was next in order of least deflection (1.00 in.). The rating based
on load vs. deflection of these and the other grids tested is shown on
Incl 11. All of the grids with or without membrane added considerable
strength to the sand. The grid with membrane contributed as much as
95-percent increase (aluminum 6-in. hexagon cell size 4 in. depth with 7
membrane) in the load (comparison of loads made at 2 in. of deflection)
as compared to the same size grid without the membrane. The results of
these tests with the membrane revealed that the distance the membrane is
located from the surface has an effect on the overall strength of the grid/
membrane system. The curves (Incl 8), prepared from laboratory test data
for the aluminum grid, show that the closer the membrane is to the surface
(to within 4 in.), the stronger the resulting system. Apparently, when
the membrane was at depths of up to 8 in., the grid began to fail before
the benefits of the membrane were fully utilized. The effect of the cell
depth can be further seen from the data on Incl 11 since the aluminum
6-in. hexagon cell, 4 in. deep, supported the-6000-lb load with the least
deflection and at a 2-in, deflection, supported more load than the other .
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grid with or without membrane. The aluminum, 6-in. hexagon cell, 6-in.- 9 9
deep grid without membrane supported the 6000-lb load with the least de-
flection of any of the grids without membrane and at 2-in, deflection,
supported the most load. This grid also had less deflection at the
6000-lb load than the aluminum 6-in. hexagon cell 8 in. depth grid without
membrane. The load (12,400 lb) at 2-in. deflection for the aluminum 6-in.
hexagon cell, 6-in. dee'p grid without membrane was greater than for the
aluminum 6-in. hexagon cell, 8-in.-deep grid with membrane (12,200 lb).. .
The hexagon-shaped cell grids when compared to the same size and depth of
square-shaped grids had about the same deflection at the 6000-lb load;
however, at a 2-in. deflection, the hexagon-shaped grids supported more
load (Inl 11). The results of these laboratory tests indicate that the
aluminum 6 -in. hexagon cell, 4- and 6-in.-deep cells with membrane, added
the most strength to the sand.

Traffic Tests

Test section 1

6. The test section was located under a hangar-type structure to provide
protection from the elements. The subgrade of the test section consisted
of a loosely placed sand (Incl 12) for a depth of 12 in. This sand was
leveled with hand tools. The test section covered an area 88 ft long
and 20 ft wide and consisted of items 1-4 as shown on Incl 13. Items 1
and 2 contained the 6-in. cell, 6-in. deep aluminum honeycomb grid with-
out and with Kevlar membrane. Items 3 and h contained the 6-in. cell,
6-in. deep paper honeycomb grid with and without Kevlar membrane. An
approach area was provided at each end of the test section to provide a
maneuver area for the test vehicle during application of traffic.
Inclosure !h shows the completed test section subgrade with Kevlar mem-
brane placed on items 2 and 3 prior to placement of the grid materials. 't , o. M

7. A slab of the 6-in. cell, 6-in. deep aluminum grid material prior to
expansion is shown on Inel 15. The aluminum grid being expanded is shown
on Inel 16. The grid was expanded in 40 sec using seven men. Sand was
placed in the cells at each end of the grid section for anchorage to hold
it in place. The grid was expanded and anchored in 1-1/2 min. Each slab
of the grid when expanded formed a section 8 ft wide and 20 ft long.
Items 1 and 2 were each 16 ft wide and 20 ft long; there±fcre, two slabs
of grid were required for each item. A close-up of the expanded aluminum

grid is shown on Incl 17.

8. A slab of the 6-in. cell, 6-in.-deep paper grid material prior to
expansion is shown on Incl 18. A section of the paper grid being expanded
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is shown on Incl 19. The paper grid was expanded and anchored in approxi-
mately the same time as the aluminum grid. No difficulties were experi-
enced in expanding the grid nor was there any separation at the glue lines. ..-- <....*.

9. A completed section of grids prior to filling with sand is shown on
Incl 20. Sand was placed in the grids with a front end loader from the
edges of the test section. The sand did not cause any damage to the
individual cells as it was dumped onto the grids. For these preliminary
evaluations, hand tools were used to level the sand in the grids. No com-
pactive effort was applied, and it was placed so that it covered the top

edges of the grids by 2 in. A view of the overall test section prior to
traffic is shown on Incl 21.

10. The preliminary evaluation of the various grids and combinations
with membrane were trafficked with an M54 , 5-ton cargo truck (Incl 22)
which had a gross weight of 20,000 lb on 11X20, 12-ply tires inflated to
35 psi. Traffic was applied in a channelized pattern similar to that
which would be encountered in actual road conditions.

11. Elevation measurements (cross section and profile) of the test
section surface were recorded before, during, and after traffic to deter-
mine permanent deformation of the test section and to reveal the amount
of roughness. The profile readings were taken along the wheel paths of
the test vehicle. Visual observations of the test section materials were
recc,rded throughout the period of traffic and supplemented by photographs. - -

12. A view of the test section after 10 passes of the M54 truck is shown
on Incl 23. Some rutting and compaction of the sand and grids had occurred.
No visible evidence of deformation of the grids was observed. However,
when the sand was removed from the top of some of the grids in one wheel
path, some deformation and tears were observed. Details of the individual
items are given in the following paragraphs.

13. Item 1, 6-in. cell, 6-in. depth aluminum grid. The surface of item 1
was rutted as much as 4.1 in. after 10 passes of traffic (Incl 24). Sand
was removed from the top of some of the grid in one wheel path. The walls
of the grid at the top were slightly bent (Incl 25). As traffic was con- *.''--'

tinued, the depth of the ruts increased; however, the sand covered the cells
of the honeycomb and there was no other evidence that the cells were deteri-
orating. Traffic was continued until 1000 passes were completed (Incl 26). "'""
The item was still in good condition and the truck did not have any diffi- . -: .. ..
culty in trafficking the item. The rut depth had increased to 7.7 in.,

the top edges of the grid in the wheel paths had bent over, and there was
some separation and tearing of the grid at the glue line (Incl 27). The
cells adjacent to the wheel paths were not deformed or torn at the glue ' @.
line between the individual cells. The cross section (Incl 28) and pro-
file (Incl 29) data show that the greatest change in elevation occurred
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in the first ten passes with on~y minor changes between 10 to 200 and O
200 to 1000 passes.

14. Item 2, 6 -in. cell, 6 -in. denth aluminum grid on membrane. The stur-
,-. face of this item was rutted as much as 3.8 in. after 10 passes of traffic

(md 30). Sand was removed from the top of some of the grid in one wheel
path. The walls of the grid at the top were bent similar to that in item 1.
The rut depth increased as traffic was applied. The cells remained covered O '
with sand, and there was no visible evidence that the cells were deteri-
orating. Traffic was continued until 1000 passes were completed (Incl 31).
The item was still in good condition, and the truck did not have any diffi--

. culty trafficking the item. The rut depth had increased to 7.2 in. Howev
this is less than the rut depth (7.7 in.) of the grid tested without the
membrane (item 1). The top edges of the grid in the wheel paths were bent 4 -

and there was some separation and tearing of the grids at the glue line
between individual cells (Inel 32). The edges of the cells in this item
were bent over more at the top than those in item 1 without membrane under-
neath the grids, which indicated that this grid system was apparently
carrying more load. The cells adjacent to the wheel paths were not deformed
or torn at the glue line. The cross section (Incl 33) and profile data
(Incl 34) show that the greatest change in elevation occurred in the first
ten passes with only slight changes between 10 to 200 and 200 to 1000 passes.

15. Item 3, 6-in. cell, 6-in. deoth, paper grid on membrane. The sur-
face of this item was rutted as much as 6.8 in. after ten passes of
traffic (Incl 35). Sand was removed from the top of some of the grid
in one wheel path. The walls of the grid near the top were bent and
torn (Incl 36). Although the paper was impregnated with phenolic resin,
it had absorbed moisture from the sand and the walls of the cells had
lost their stiffness. The rut depth increased as traffic was applied
and after 200 passes, the depth was 10.8 in. (Incl 37). The grid after
200 passes had lost its effectiveness as the paper had absorbed moisture
from the sand and the cells had disintegrated. The membrane appeared to mp....
hold the moisture in the grids in this item more so than in item 4 where
there was no membrane. The rut depth was also greater in this item than
it was in item 4. This item was considered failed at this time due to
the ineffectiveness of the paper grid. The cross section (Incl 38) and
profile data (Incl 39) show that the most change in elevation occurred

.4..!. in the first ten passes; however, there was additional change between

10 to 200 passes. Ov

16. Item 4,_ 6-in. ci 6-in. deoth parer grid. The surface of this
item was rutted as much as 7.4 in. after 10 passes of traffic (Incl 40).

Sand was removed from the top of some of the grid in the wheel path. The
walls of the grid near the top were bent and torn (Incl 41). The naper .- . .''

had absorbed moisture from the sand and the walls of the cells had lost MO.
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their effectiveness as the naner had abs orbed moisture from t n sand and th.,
cells had disintegrated. Thus, the item was considered failed at 200 ;s;.•"
The cross section (Inel )13) and profile data (Incl .) show t t mo.st of'
the change in elevation occurred in the first ten passes; however, there""
was additional change between 10 to 200 passes.

17. An overallview of the test section after 1000 passes of traffic is

shown on Incl 45. (Note: In paragraphs 15 and 16, items 3 and 4 were 0 "*'
failed after 200 passes; however, the truck was not stopped on the test
section but trafficked from one approach to the other approach.) The " :
M54 truck on items 1 and 2 is shown on Incl 46. -:

Test section 2

18. This test section was constructed in the same location and prepared
in the same manner as that mentioned for test section I in paragraph 6.
The deoth of the sand was the same, however, this section covered an
area 80 ft lonr- and 20 ft wide and consisted of items 5-8 as showqi on
Incl 47. Items 5 and 6 contained the 6-in. cell, h-in, depth aluminum
honeycomb grid both without and with Kevlar membrane, respectively.
Items 7 and 8 contained the 6 -in. cell, 8 in. depth, aluminum honeycomb
gr;id with and without Kevlar membrane. an approach was providcd at each"
end of the test section to nrovide a maneuver area for the test vehicle
during application of traffic. The ?454 truck used to traffic test section I
was also used for these tests.

19. Urexpanded slabs of the 6 -in. cell, 8-in. depth, and 6-in. cell,

I-in. depth, are shown on Incl 48. These grids were expanded, anchored,

and filled with sand as described for the 6-in. cell, 6-in. depth grid
in parab-arhs 7 and 9. These grids required about the same amount of
installation time as did the 6 -in. dorth grid. A close up of the h-in.
and -in. d 'trcells after expansion is shown on Incls 49 and 50, respec-

tively. The cells were filled with sand and a 2-in, layer of sand was
placed over the top edges of the grids. The test section prior to
traffic is shown on Incl 51.

20. Elevation measurements (cross section and profile) of the test sec-
tion surface were recorded before, uurinr, and after traffic to determine
perm:anent def'ormaltion of the test section and to reveal the amount of
roughr,-ss. ie profile readings were taken along the wheels vat.. of the ,

,,- 't.. Vis..ual obrervaon of tl, test section and materials were.
recorded through,,out the period of traffic and supplemented by photograrh;.

21. The test section after ton oasI ses is shown on Inc! 52. Some rutti.- .
and1 ccr-nacti:n -f th'e saJ and _-rid:s h-d occurred. Several ,reas where
the 7ri-, had rov,.l under traffic i a ittm 5 are noted on the r h<t.,ran,.
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There was no other visible evidence of novement or deformation of the
grids. However, when the sand was removed from the top of some of the O 01
grids in one wheel path, some deformation arid torn areas were observed.
Details of the individual items are given in the following paragras hr.

22. Item 5, 6-in. cell, h-in. denth -,]r inum ierid. The surface of this
item was rutted as much as 5.5 in. after ten rassc-s of traffic (Incl 53).
Sand was removed from the top of some of the grid in one wheel path. O!
The walls of the grid at the top were slightly bent (Tncl 54). As traf-
fic was continued, the depth of the ruts increased and the movement of
the grid at the center of the item had also increased at 500 passes
(Incl 55). There was no other visible evidence that the grids were de-
teriorating; however, when the sand was removed from the cells, more
bending had occurred aloi.g with tearing of the cell walls beneath the
wheel path (Inel 56). Traffic was continued until 1000 passes were com-
pleted. The rut depth at this time was 6.7 in.; some of the grid had
worked out of the sand between the wheel paths, and the grids had failed I
in the wheel paths. The cells were no lo:.ger confining the sand (lne 7).
The cross section (Incl 58) and profile (Incl 59) data show that the
majority of the change in elevation occurred in the first ten nasses with
slight changes between 10 to 200 and 200 to 1000 passes.

23. Item 6, 6-in. cell, h-in. denth, 7ilimiun Frid on membrane. The
surface of this item was rutted as much as 4.h in. after ten passes of
traffic (Incl 60). Sand was removed from the top of some of the rid in
one wheel path. The walls of the grid at the top were slightly bent
similar to t',:: grid in item 5. As traffic was continued, the depth of
the ruts increased and at 500 passes was 7.3 in. The grid in this item
had failed after 500 passes (Incl 61) as it was no longer effective in
confining the sand. Pieces of the grid are circled on this photograph.
Sand w*as removed from the too of some of the grid in one wheel path.
The cells were almost completely crushed and some of the cell walls
were separated from the grid section (Incl 62). The surface of the mem-
brane in the wheel path beneath the h-in. grid is shown on Inel 63. The
action of the grid on the membrane abraded the neoprene coating; however,

. no holes were cut or torn in the fabric of the membrane. The cross see-
tion (Incl 64) and profile (TMcl 65) data show that the majority of the C, %
changes in elevations occurred in the first ten passes with additional
chlanes between 10 to 200 and 200 to 500 passes.

24. Item 7, 6-iri. cell, P-in. dv-oth il:ninum r-d en membrane. The ur-
face of this item was rutted an much as 3.f, in. after ten passes of traf-
fic (Inl 66). Sand was removed from the top of some of the grid in one
wheel path for inspection. 'h- tops of the walls of the cells were .- .- .
slightly bent similar to the grid in it:m 5. As traffic was continued, -
the depth of the ruts increased. Traffic was continued until 1000 pa.ses
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were completed (Incl 67). The item was still in good condition, and the
truck did not have any difficulty trafficking the item. The rut depth
had increased to 4.6 in. The top edges of the grid in the wheel paths
had bent over, and there was some separation and torn grids at the glue

r. line between the cell walls (Incl 68). The cells adjacent to the wheel

paths were not deformed nor torn at. the glue line between individual
cells. The cross section (Incl 69) and profile (Incl 70) data show that "' '-
the greatest change in elevation occurred during the first ten passes with
additional changes between 10 to 200 and 200 to 1000 passes.

25. Item 8, 6-in. cell, 8-in. denth, aluminum grid. The surface of this
item was rutted as much as 3.6 in. after ten passes of traffic (Incl 71).
Sand was removed from the top of some of the grid in one wheel path. The
tops of the walls of the cells were slightly bent similar to the grid in
item 5. As traffic was continued, the depth of the ruts increased. Traf-
fic was c¢ntinued until 1000 passes were completed (Incl 72). The item
was still in good condition, and the truck did not have any difficulty . .

trafficking the item. The rut depth had increased to h.9 in. The to-
: edges of the walls of the cells in the wheel paths were bent over, and

there were some torn grids at the glue line between the cell walls
(lmcl 73). This condition was more pronounced than in item 7 where the
membrane was placed beneath the grids. The cells adjacent to the wheel -" -
paths were not deformed nor torn at the glue line between individual
cells. The cross section (Incl 74) and profile (Incl 75) data show that
the greatest chahge in elevation occurred during the first ten passes °. .'

with additional changes between 10 to 200 passes and 200 to 1000 passes.

26. An overall view of the test section with items 5-8 after 1000 passes
of traffic is shown on Incl 76.

Test section 3

27. In order to obtain a direct comparison between a loosely placed sand
subgrade without any reinforcing materials on top of the surface and test

sections with reinforcing materials, a section of loosely placed sand,
20 in. deep, was prepared (Incl 77). Fiber-glass panels of open grating ,4. -
design, which are shown on the test section, were also subjected to the
truck traffic. Traffic was applied with the M54 truck with 20,000-lb
gross weight. The section after two passes is shown on Incl 78. The rut
depth on the unsurfaced portion was 7 to 8 in. After two passes, the
fiber glass panels were rotated 90 deg to the way they are shown on Incl 77.
After 50 passes, the rut depth on the unsurfaced sand (Incl 79) varied
from 11 to 12 in., and the rear housing of the truck was touching the sand
subgrade. The section was reworked and leveled (Incl 80). The gross
weight and tire pressure of the truck were increased to 40,000 lb and
70 psi, respectively, and traffic was resumed. The loaded M54 truck
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became immobilized in the loose sand in an attempt to make on pass
tuough the test section (Incl 31). The truck went only about 20 ft in
the loose sand prior to being irmmobilized, and the rut depth was greater
than 12 in. inclosure 82 shows the test section after the truck wa,; re-
moved. Several areas where the undercarriage of the truck had touchW] ' "
the subgrade can be seen. on this phptograph. A surm.,ary of the results
of tests on unsurfaced and surfaced sand subgrade is given on Incl 83.

28. Results of this investigation are:

a. The load that grid samples wrill withstand in laboratory tests

is increased by placing a membrane beneath the grids. The aluminum,
6-in. hexagon cell grid in the 4 and 6 in. depths with membrane added
more strength to sand than did the other sizes and depths of grids either
with or without membrane. " _

b. The 6-in. hexagon cell, 6-in. depth paper honeycomb grid tested

both with and without membrane absorbed moisture from the sand and failed
after 200 passes of traffic with the M54 cargo truck (20,000 lb gross .

weight) with tires inflated to 35 psi. The rut depth with and without
membrane was 10.8 and 9 in. The grid was no longer effective in confining
the sand.

c. The 6-in. hexagon cell, 4-in. depth aluminum honeycomb grid '

tested with membrane was failed after 500 passes of traffic with the
1454 cargo truck (20,000 lb gross weight) with tires inflated to 35 psi.
The rut depth was 7.3 in. The grid was no longer effective in confining
the sand. This same size grid without membrane was failed after 1000 passes
of traffic with the M54 truck and was no longer effective in confining
the sand. The rut depth was 6.7 in. Since the grid without the membrane
sustained more traffic than the grid with the membrane, the membrane was
considered detrimental to the h-in. depth grid.

d. The 6-in. hexagon cell, 6-in. depth aluminum honeycomb grid ,
tested with and without membrane was serviceable and confined the sand
after 1000 passes of traffic with the M54 cargo truck (20,000 lb gross
weight) with tires inflated to 35 psi. The rut depth with and without

membrane was 7.2 and 7.7 in.

e. The 6-in. hexagon cell, 8-in. depth, aluminum honeycomb grid

tested with and without membrane was serviceable and confined the sand .
after 1000 passes of traffic with the 454 cargo truck (20,000 lb grossweight) with tires inflated to 35 psi. The rut depth with and without

membrane was 4.6 and 4.9 in.
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28. Conclusions and recommendations are as follows:

a. T"he strength of the grids when tested in the laboratory were
increased by using a membrane beneath the grids.

b. The laboratory test give an indication of what materials or

combination of materials are the strongest when tested with a loading
head that simulates the tire print of a single wheel of the 1454, 5-ton O ,.

*" cargo truck. however, to fully evaluate a material or combination of
. materials for use on the bridge access/egress application, tests with

the moving vehicle must be conducted.

c. The paper grid, impregnated with 9 percent phenolic resin, with
-" and without membrane, and the aluminum 6-in. hexagon cell, 4 in. deep,

with and without membrane provided some added strength to the sand sub-
grade since the test sections with the sand reinforced with these mate-
rials sustained more traffic than when th- re were no reinforcements
(see Incl 83 for summary of passes and rut depths). However, since
these materials failed during this investigation and were considered

V ineffective in adequately confining the sand, no further tests are
recommended.

d. The aluminum 6-in. hexagon cell, 8 in. depth grid with and
without membrane provided more strength to the sand subgrade than did
the other grids and membrane combinations. This grid with and without

.WI membrane sustained 1000 passes of the T454 truck and was still traffickable.
The rut depth of this grid with and without membrane after 1000 passes
was only 4.6 and 4.9 in. The rut depths for the unsurfaced sand and
other grid/membrane combinations used for reinforcement were much greater
(Incl 83). However, except for the aluminum 6-in. hexagon cell, 6-in. depth ,

grid, the other materials had failed at 1000 passes or less. Although
the rut depth for the aluminum 6-in. cell 6-in. depth grid with and
without membrane after 1000 passes of traffic was 7.2 and 7.7 in., these
materials remained traffickable. The rut depth at which the undercarriage
of the 1154 drags the subgrade and becomes immobile is between 11 and 12 in.

e. It is recommended that traffic tests with the M54 cargo truck
with highway loading conditions ( ,000 lb gross weight) and tires
inflated to 70 psi) be conducted on aluminum 6-in. hexagon cell, 6 and
8 in. depth grids both with and without Kevlar membrane placed on a loose
sand subgrade and a weak (1-2 CBR) clay subgrade with the cells filled with
loose sand in order to fully evaluate these materials for bridge access/ - -

egress application.

'p4

83 ncl DEW7X W.HI-E, JR.
as Landing Mat Branch

Materiel Development Division
LA
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Fab-ic ,:t.

Producet: KevIar Fiber 3 (DE 8473)

Manuifacturer: Reeves Brothers, Inc.0

Test and Unit of Measure Test, Metho] Tcint Results

Weight, ozprs dFed. Test Method S;td.1550 0
oz per sq ydNo. 191, Method 50!41155

Thicnes, inhesFed. Test Method Std.
Thickessifle11 N. 191, Method 5030 .013

Break-Ing Strength, Grab, l1b ASTM D-1662-64 Warp - 573
Fill - 44o

Apparent Elongation @ Break, % ASTM D-1682-64 Warp - 6
Fill- 7

Tear Strength, Tongue, lb ASTM D-2261 Warp - 60
Fill - 49

Bursting Strength, Ball, psi ASTM D-751-72 263 <

Joint Strength, lb 7)4o

Note: All breaks were in fabric; no breaks in joint

md 10216
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?IEMORANDUN FOR RECORD- -EVALUATION OF BORDEN AND

1KG FIBERGLASS PAI4ELS FOR BRIDGE ACCESS!

EGRESS APPLICATIONS -
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- -' ~DEPARTMENT OF THE= ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

-~~ 0 . BOX 631
VICKSBURG MISSISSIPPI 39180

W ESOS.

SUBJECT: Evaluation of Borden and IKS Fiberglass Panels for B1ridr-e
Acce-ss/Egress App'lications

V.1. Reference W,-EEGS M.emorandum for Record dated h4 Octo)ber 197p, sab, rac:
Traffic fle~ts on '.S'Al and 2-19 Landing, Mats with and without "'17 Mmr

Underlay for T-actical Bridge Access/Egress Applications.

2. During- the period of J1ly-ugus 1978, both laboratory7 and traIffic
tests were conducted at the ors n Borden and TUG fiber;-laLss -anels.

* Thse ivestig ations were conducted to determine the suitab1,ility o
these materials as notential soil strengthening materialis for bridce
access/egress aro-lications. it was envisioned that th- i7.p of these
m7,aterials would decrease the p-res ent time in preparing acces:s/e(oress,

-. in gap crossing. Therefore, during all evaluations, teewas no
so)ecial subgFrade prep~aration nor was there any compa7,ction effort applied -

to the soil placed in the openings of the panels. M4aterials used in
these tests are described as follows:

a. Bordenr fib-erglass; ranel. This fieglspanel is o" co~m-
sltly wean ed, continuous 7lass fibers cobne-itrf' rt-rdanI

rolvetster resin. Ang-ular silica oarticles arc2 rart of the rS4nfr a
built-imn, sit'--resistant s.urface. Panel size is 4 Pt wile hy 12t ' 7:
b-cr 1 in. thick with op)enings of 1 by L tn. sanel Wvei-ht ift 11' lb sr
2.7 lb per ft (Incl 1).

b. 14' IS f4

s en t by ve;icht fierlsscinfcr-ccmt, ,wette(I and cm--tcd 5

cater resin, r"eheated and .oulled, thrcnigh a fne-hedi fln r ',wc
which exert: hi-"h wressurnc to cenn'ify the comsos'Ite .-nd "ur.hpr v-sec-
nates the 'u-or e_ of fib- r and eliminates voidsz. ... 'Sc

. oultrusio-n. --n& siw i- ft vi le by 13 ftint- b-, r. W-.:
co-eni ings 7 - /r In an- weig-ht is 97I lb) ''-

144

Thsmaterial Win 1.21 in. aikwt aw-ttn "fl.

WI. 301
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Lv'
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SUBJECT: Fvlain dn:o ?3Fbr.itnPml n .• g """""

Access/li'Fress Applica,+.ions ' ",--'

was supplied in 15- by 40-it soft donu: with n wei's,11t of r,7 If,. Th1' ffb,,--'
jlaos panels and membrane is de:;wrib(-I above ar- ofto.} "i,~ .

items that were procored :rom Or ]e' i Pr
Alab-tna; 1KG Industries, :ashvilie, Tennessee; ird !Re-vet Bc,'. , Inc.,
Rutherfordton, :;orth Carolina, respectively. 'The a,,-_nei'd not contain
end or edge connectors for positive connection between ranels. * .O

Laboraitory T.-sts

3. Samrles of the fiberglass anels were tested in the la boratory, with
a model 1116 Instron testin, machine with a %0,C00-lb cap'acity. The
test load was applied at a speed of 0.5 in. p, er minute, "rod a stress-
strain curve was recorded for each test specimen. The specinens were . ,. -

cut to fit within a test box which was 28 in. wide by 29 in. ion by
'' 11-1/2 in. deep. The size of the box which held the sand and test sieci- %

mens was based on the physical size of the test machine. 'hand wa plIced
to a deoth of 3 in. in the box cr ior to olIacing the test Ateci er

the specimen was placed in the box, the voicis were filld nt ,"ro'i-

mately 2 in. of sand was placed over the top of the soeciroen. A t" . C"
test setup prior to testing is shown on Incl 3. The load head was fabri-
cated from a 3/4-in. steel plate placed on ton of a I/li-in. rlrw.ood )late
sandwiched between rubber pads (Incl 3) to simulate a tire Teint (:nocxi-
mately 93 sq in.) of an ",154 5-ton truck.

4. The fiberglass panels were subjected to tests, both with ind without
..evlar membrane elaced beneath the nanels. Tests were also conducted on
river and concrete sand without any reinforcing materials. Concrete sand, .
was -used for the aboratory tests and a.lso 'or the traffic tests as it
was more readily available, and it is similar to river sand (Incl 4).
Load-deflection curves for the sand and the fiberrlass ,,nel mterials
are shown on Incls 5 and 6, respectively. Vrious labora3tory tests were
also conducted on the Kevlar membrane alone. Results of these tests ire
given on Incl 7.

5. A surmary of the laboratory tests conducted on sand and the t"ber- .
class oanels is given on incl 8. -li deflection at ("01 b •1!Li .L- . n- .'

for each item tested. This load was used for co-,opari.ton since tsis1
the equivalent single-wheel load of the dual t'u of wheel 1.1 £rin of the
454 5-ton cario truck with cross weir-ht o: U't,O00 lb. The I' 'Iectn C .

the - ?'rn-el with membrane at th, (lo- -,ai was ' i ,htl

(0.10 in.) than the nanel w H-wever, 'e it r toy
the Borden -tanel with membrane was si 4 htl: more (o 0 ().9 ) in the
anewl ,'ra brin te . ..

-uinorted his ou with lea.; l.,ion 'ho- ' n : -1. -

* "• The, nanels were n t failrd at, the mrIx!", ' , ('o, -!, ,, .' :. .° +h~es machir "). Tb" o,.::j!tas :Sf hi-c ' -- '.' ~ 'a ,,t.:2:,0" ':' "'."-- '

risn 'brr the 1!i'ltt '>1Z'5 : <''t '-'eun

302
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- ~ ~ ;;N- - - -- N -. -- . . . . . . . .7S , F

;'-_' !, to th t t':,7 . :1n in ! t Fel1'

the- 'Tedado tet 1e,±7 r..1.rr, iri i'±l : 1ec!' 12it -n

wis oreredF- n with'1  'A .withl ti. n't !LtKru'

th end andO on.A n.r o r>rAr' r'!7o.

-A~f ra,, n

truc le. he W'3') ci -h -.ro:4 truck

2'wi~iWh w' C ->*'.I':l.! i t''Ir w-.,- ' i n hied .9c- P

* . Jonh uftt!"i' T'n'. hi' i.'in n' ~ i i-,( in own

s,5 rc 10an in '~ an jlet -- , min r -j, :a:'u i- oa t i n

A.fter 'he: ~ 11t, 'aie"'i . h ',h-e frm 1

-'a~ :ro e ih@"e''''n ar4jxm ,- In-''' ho I ( 2. 4 rc

:he :'atf e ~ 1 ee tri h-~ ;- -it -li v in >e i .

.>oce sand-ad o t Lec Io )n%

truck~~~~~~~~~n was i'.-iC-!e- 1n :L.Tee We:...1a ':-'' U

pureran'115

I -n
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m m 7 . .
.-. *- " :%- . . <- . -- -- -- . . * " - - . - °- .- *. - ". . . . . .. .. . ...-- . " . .

67. ""'--'_i-t.....

in ' h*- 'C1'

n to ftailsatr '''rt'' 'r' f '1-1o

text.!y of the --.n. w!:' l I'.J
a In -'" " "

-7 1:-_ 11 wahe :t-"0.

5 ...- .

* IO on (O1:,,l_2 ,O

"r n, and f"ter traffic to '-rmine perman-,r'it .-e'or in'. n i.the ,t
"c-te:n an rt eveal the n oin of roughness. -he0 po:1 :1: ."- :ti,- "w"'-er
takern along the wheel paths, of the test vehicle. Vi utl ob,sevation of' '

e te.1  materiauls were r-f- s e: threu; hoat the rori.ud ! trafic aid
lement*e•d by photogrhs.

9. A v ft -1e es ;chet s set :aiafer I) ra.;se: ,,; otrafic with, the " •
*:.. it rt n1MWO on ns I 

,
ro rmins ean conftiit' the t, t" a

,sae ctlrre. The n refo!t ron soes. are - i, not s ; -ow-
or, no tuLae to the panels w sh observed. of thesu indvividual

it ems tre erven in the follo I-!wing darai .

10. Item 1, Buries fiberriass sands wjojcat membrane. surface of
itemwas rutted us to in. after 10 passes (,l.2 ")l:e action-
of thle test vehicle on the sanels caused some compaction and removal ofV
the sand irom the tnes. As traffic cost inuod, the pawi7 woant to work
out of the sand. At 200 passes (md 8) all bitt one of the indls had
come out of the sand and, movement of the rosnels had occurred. The Panels
were in eood condition except for one pnanel where some aibra; ion had oc-
stirred (Tnc 25). The cross section (Tool 265) and profile (Inc 27) data
show the condition of the surface of the test item as a result of the
traffic.* in am attempt to fully evaluate the panels, the p anels were
re7oved, the sand subrade reprocessed ad the opanols again placed on
the test section. To simulate an anchorage, system, selwe2ights were 6SO7
placed along the ends of the panels. he panels were then covered with

2 in. of sand (incl 29), and taefic was continued. After 10 masses of
traffic (omcl 29), there was some movement of the sand at the edges of
adjacent panels in the wheel oaths of the vehicle. As traffic was con-
tinued, the action of the wheels of the test vehicle oaused the sand to
goz through thie openings,, in. the saneds. Some of this sand was- forced
from the wheel paths towlrd the panel ens; however, the maelorits of the
sand moved toward the center of the e. A 0 thotal)

(Tocl 30), the center of the tos. sctilo w-as 0.8 In. hihoer t dhan cit zero
passes reconstructed ( T1ud 26, srosi secti'oni ata). 'The vi0lsswer o
bridcng the sand sub ra e -- as ahs 3 ts in. (cl 1) in the whe, conel pathl.is.

1

304 -

"P . -0- .
e -. '

a _ thrug th.. nn: nt~ aes oeofti adws:o<e ..-
--@ ro: , 0h he ah 0 o S d h 0 an-le@0s hoevr 0h 0 jri' o 0 0he 0- 0 .

-*4n**vd owr th Metr S th4aes fe 0 as< 70t~a). -. -

-'•- (:ncl 39), the center* o. th-et.et o a .8 i .h t e h n a er m""""'.



n.... -

hecombination -)f the high cente2r :oind ciii I" th.e rnirrweihca
end of the ranels caur,;ecl the, nanel-s tr be bawed. 21 nec he war;" IV)
f ar observed in te %)-Iill ,V1" he Ia'.l eeari v' l wirn

2in. _) sand nl 2 andl traf-i w. Ie War oont.~, i l' r anI ad I tj1orl *>

p-lriSe: ( 1000 total) ( InIC 1 3). . "'i ', rd lt arnie
1 

:rom theten I")o the
panls t'd th e center I eesoth etie.Te 1)es r

bridging the sand subg~rade in the wheel patfh5 b hr a; miioh ac; 1-5/8 ill.
(Inci 34). The sanels were still ir; fgood condition, rLInd thiere were no
fai lures. Thie maximum chanfre in cross s2ct_ iont ( [no! )0) and iarnfi !
(inel 27) between 500 and 1000 passes was 2. 0 and .1 .7 in. , reLanect ye v-.

11l. Item 2, Borden ft*berlc.1:5Fnsanels with memibrane. '"he surfare of' 'hin
item after 10 pazses of traffic (Incl 3_5) was rutted as much as 2 in.
The sand was removed from the panels due to the action of the test vehi cle
as traffic was applied. A-ter 200 pa .rses (mel 3Q somet o: the pan:];;.
had worked out of the sand, and two of the panels had s-hifted anmroximately
12 in. from their orig-inal position. 7he me-imbranie underneath the panel,'s
in this item prevented -some movement of both the paneir, aLnd rn as -cyn-
pared to item I without the membrane. "he cros)s-section (Inc 37) andi~
pro file (Inel 33) data show the s.urface roughIness o-:f this test item :Is
a result of the traffic. After 200 passes, the panels and membrane irt
this item were removed, the subgrade reprocessed, arrh the membrane anid

%panels relaid on the test section. The paeswere tnen covered with
2 in. of sand and traffic was continued. There was s-ome movement of the
sand at the edges of adjacent panels in the wheel patths of the vehicle 'le

after 10 passes of traffic (Inc 39). The sand co-ntinued to mo)ve under
the action of the test vheicle and after 500 pase, 70~tl (Tnel 0i),
the panels did not have any sand on them. The sand ha d worked its way
toward the center and edgces of the test section. In the wheel paths,
the panels were bridgling the subgrade 3 to 14 in. Thie center of the tenst .-

section was 0.9 in. higher than at. zero passes reconstructed (Incl 3P, .

cross-section data). The combination of the high center anid shift of the..
anchor wei,7hts caused the Panels to bow. The change in the profil data

from 0 to 500 Psses reconstructed was small (ITci 38). There were no
failures in this item, and the panels were again overfilled with 2 in.
of sand as was item 1. Trfiewas continued1 for an additional 3)00 parsces
(1000 total) (:ncl 41). The and had moved from the too) of the! panels
to.ward the center and eesof the test item. The panels were bridging -
the sand subrrade by as much as 1-3/4i in. in the wheel paths. The nanels
were in god co ndition, a.nd there were no failures. The maximum chinige ..-

in cross sec-tion (Incl 37') rind profile (Incl -38) betweon 500 and 10DO
p-13ses was 1 A and' 1., 'in., rt:.ronectively. The membrane beneath the Pre
rainels in this item -)r~1' ely' slIight benefit ais compared to the parrels
i n item 1 withiout m-'mbine T:'Ie c.1.rtge in cress setin rand profile Tn
~tc(m 1 was 2.0 andc 1. 7 rn. r cvly.
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.7:CT: Evaluat ion of -orin d TKO I-,*be-,1 Iass Puncl I , ~r HI -re

72. :ter 3, 1 3 fib r 2iass 1v7n:. with r,:Tran. ihis itc i after 10 " -

razses of traffic is shown on ii,'1. 2. T'he rut denth vrid 11- to
2.. in. However, as traffic was he :, t cihe t +i. vehicle-. ~on] the panels caused scme compactinn a nd remnvra] of ! h(- ointl from the ''*"

J~~i panels . After 700 palsses of traffic (rine l ) all bUt one of the ranels"." " "•.
hlad worked out of the sand and had rihifred on the toot S-_,(tion. 7he.--..

cross-section (Incl 44) and nrofile (Tncl 15) data show the chann,'es which
occurred in the item as a result of the traffic. 'There w-ts Some abrasion .
of the Panels at the edges caused by the rods which were ort of the basic
nanels. These rods extend through the panel about 3/4 in., and the rubbing
action against the adjacent panels caused the abrasion. Several of these
areas are marked on ncl 43. The glue bond between some of the rods and -
other members (bars) of the panels had failed. Although the bond failure
allowed some of the bars to shift, the panels were not considered failed.
The panels and membrane were removed, the sand subgrade reprocessed, and
the membrane and panels were again placed on the test section. To simu-
late an anchorage system, steel weights were placed along the ends of the
nanels. The panels were then covered with 2 in. of sand (Incl 46), and

traffic was continued for an additional 300 passes (1000 total) (Incl 47).
The rut depth ranged up to 3.4 in. The sand was removed in the wheel oaths
of four of the seven panels in the item. This sand under the action of the
wheels of the test vehicle went through the openings in the panels and also .e
was forced toward the Dane! ends and toward the center of the test item.

There were some splits in the bars of the panels in the wheel paths.
These are marked on Incl 47. However, the Panels were not considered "-%*. "

failed after 1000 passes. The maximum change in cross section (Incl 44) ,

and profile (Incl 45) between 700 and 1000 passes was 2.7 and 1.9 in.,

'V respectively.

13. Item 4, 1KG fiberglass Panels without membrane. The surface of this
item after 10 Passes of traffic (Incl 48) was rutted as much as 2.8 in.
The action of the test vehicle wheel caused some of the sand to be re-
moved from some of the panels. As traffic was continued, the panels worked
out of the sand. The panels after 700 passes of traffic are shown on
Incl 49. They were in good condition except for abrasion at the panel
edges (marked on Inel 49 and close-up shown on Incl 50). This abrasion
was caused by the panel rods that extend at the edges, rubbing against

the adjacent panels as the test vehicle wheel passed over the panels.
The cross-section (Incl 51) and profile (Incl 52) data show the changes
which occurred in this item as a result of traffic. The panels in this
item were removed as in item 3, the suberade reprocessed, and the Panels .._

again placed on the test section. Steel weights were placed along the -ag ..
edges of the panels as in item 3, the subgrade reprocessed, and the

panels again placed on the test section. Steel weights were placed along
the edges of the panels as in item 3 to simulate an anchora-e system.

The Panels were then covered with 2 in. of sand (Incl 46), and traffic

VP-- V - **]>
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Access.' An i-i'. n:

'was continued for an adsitionail )09 ra,:Is:I oV oa) a] j Pi
* n~~~~~~ane'bo, except for the o~ne at thie eric! o h c'.in u Trv

- . 'h sand. The rut deathl vaidin to ~.In. rut tht- -if O)

t o: tra ffi C. 'Yne max~rian c:~eIn 0:S, sin'tn ( n,]2 i.

* ThIci 53) between 7j33 aind! 10021 L ::;: wi, L . 121 . in., o:"t .---
nIe ranels were in go)od sed :Pinin.: were n o' 'i S,-t-

1330 passes of traffic.

e0s section 3

Il i. Thie test section which :cDv'oed an arei 't wid i.!'

was excavated to a depth of 21h in. aind bi '. itP' 'u h.-',,i.
n7e test section, wh ich consi sted of i.*tems 1-1: ( nc1 2

with Borden and 1KG fiberglass sane] s;. Thoe "inn " werf'n r wih A

n:eviar membrane on top of and L',,eei'I, th (1 11C "
late an anchorage system, steel weii ohts were ", ,- U±"Il ! ' (t*

the t~anels in all four items in the tesnt .:c -t -) .' i-w

placed! at each end of the test section to a n ir"!,
the test vehicle during- P") 'in -si 0 h- ''i-' I ..... 7

the_ subrrade crier to traff 10 was anl orr-
-7oxl data are sunnjarased on Inol '

- ' ~~~15. The traffic tests3 were on ctlwit h inqrl r~-' '' a-
* . t~~~ruck -with gross weig-ht of boolb on ll t O "Ol ,i:, )inr

to3 70 os i. Thiese cenditi rus s'-7rr's'nt_* i 'to \ %~,

truck. Traffic was. artIiea in a ::.,uineis noc~ r n -"~ ~'a
wn,.c- would be encou-,ntered, in ac:>.r-)ad ctd :''; ; Ai-s'-
vent s of the test section nunlao re'c r~ '11.oc ~II v

- . ~~~corded before, during, and after tratffic to) Iete:'nineo:iu' ~'.'-
lien of the test sect in n to reelteD'ti f"u''
nrofile rea-tin-ps were ta',:en ac~nis the(- whe-.el ratIhs of ',ho
'Ncual -servaion of the tet ::traowre reco <

aeidof traffic and nuol'eneI i rhot,) or'

16. Item 1, Borlen fib1g-a1-1:1l wi'h M--t':enbvn'-..
prior t o traffic is sho -wn on ln'- 5'T. es*rfic v t:) A' -ir''

dle*_cted and! t-e ctl -- '' the sof't :~se'w-"
wheels of the test loftn1 ms" he' ' ~

sbrade. -he we; otos -n -h-''u'el '1r- r-v-. * a ... n-

m.tl'O 0. Jl I~ n 'n tl u ,'

,a)rl- in n in* iii
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PIv~to: of -s much" as i.- nr

orin a rae to -- ' I:;ct

m lo -tenth 2, w, t :
thie rancor ,s uiefec't 2 )'1' -a ,': - t

v-' 'hicle left the tan a,,rn t, teei -anelsi v-:c i-
;nn'd were bridgi-n;- the s,-u;-rade in the ! '- ~'te!- FP n,, ad shifted en the '' setion (1 1,: 0' r4"'I"Llj

tn 4n the wheel oaths; of the test 'zeh ~cl. -lie we. .: -h .- ,NN

h- suberadle 'is "u-ch -s - in. in the wheeloth lreI s' ir--

1>n(Inet 53) and profi1 
e (Tno1 59 aasho.w the c 11ih'e i. 4n Ile.'a-_

a'nh' occ-urred as tafcocnt inuedi frna e to< rae; uu

there Was no nd filre As the truck ra: t o .t'e..

unde cariageof thie truck was cloe to tuh h'
center line of the item. Th'sli e was ru , _ '- n the wh r.-' V h.,

:-of it had worked toward the center of t.ho ', oi a-, ' N

-a ire bo-wing; of the ate~ "the cent- r. T~i

ero o'a"'~ aoo on nalt m, i -~- 51." PieO

re-l dc-> ''--ilrte t.he wliee1 
1 -ad, ''! 'hO en rd 'nt

ru n", wheel paths andI buildl 110 nue--t ce" or of 'he"' ; on be-
rth whee . -" he wei-'nts ori' h n -w' p'e -' pr .,'-n-Ii

___ :l award th'e -e~ of

_r-m nts a d (T-ci _,

' % n t, fles Fit atraffic w0 0as a-1 -- e
r-s e: D'ftraff c*s n led- ''7 " . ' -' ''' Isne 9'

7.ib-rd -- i - -- as LIn. in A- typiN c'ae'er
- C i02wTh rit--abraae --- not t,~-n' -,Fa re-r'i e',heP

f i c . it wan; wr:Ihe-l -as "'ad '- wr( th -ow-'--
-s %err under the - (-toc t' he 1)% eiet CL-an 'heae'- '-

e - -'e-"ur"--ento we re m-i-l > i!i ',- :1 %,-1  hs '
-a a, n weerecer-red 7h'"' e - no It) win" '4'"'9

-'"--p-a-' -'dstreS 451, '-. ,e" ~

it 5a~~~~e '-''-'" 1rr~ con','re- - -h 1 odo hIeat

ed.i -h'- %

cnor, and '0 '1"T

-4)
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cables were u jr to tie the , ant_,r, tron rhor to prevent them 'rm

• .'.'. on the test item and/or separal': As traffic was c-,.ntiiued, *,he edi-e"...".-"
__ _• "-"-. members of two panIels bejan, to tar:w:., f,~ the: body o' the :<,a.s -..---.

,<€1: ~~After 55o0 nas.ses (:n,:l Cq), t, ,, , em ,r-wer',:, spl:it.zii a * " r, , .,"- "-.. d
", .'..-•traffic was discontinued. 7h-, tn elisle i:s shown on n,-l 7'D (no!-te ".., ..

:- ~~that the dif.ferential -f the .,h I':: s almost touchiinr the ran,-1s), arld %.'-x."
a close-up of one of thie faed areas is hown on Inc' 71. -?h( panels .-

-'a0

were bridging the subAade as tuch i 7 in. a5 shown on this nclosure. 70
a -. 0.The changes in cross se tion -in profile from 154 to 550 asses are shown

on Incls 65 and 66, te nzw-1ly -he cros section of the subrade for "

this item after 55 adss/r s igwn oA! tl 72. The cross-section profile
memberents for item b ith memrane beneath nanels) between 0 ed 1-'fe55asses (weights on end of' a, tr w:t-, 0.6 in. les than that for item 1(membrane on top of panelta ). oth ites had abouit the same change ind

crohanestinros section ndprof15leom 15 and 5 50 passes (2.1 in. for o
item 6 and 2.3 in. for item 2). The c,'osnge ci profile measurements for
item it between 155 and i50 cssws or e in. less than for item .rofil
mhesreme, with the mem-rane mer beneath the panel), there wa less

chane in elevation. o al w 0 i ls ntt r m

. Ite n t KG fiberas) B,aneli with embra e b the e canel. - -
item 1 annor to traffic i 2. Th Inc! . The subrade bemeth the
twheel aths rutted as traffic was applied. ".s, ithanes eflected under

.% the wheel load and tended to level as the load was ,removed. This flexing
-of the paneIs caused the glue bond between the rods and the bars of the
-anels to fail. Tihe bars then shifted as the test vehicle trafficked the
panels. The subg,rade ia'erial shifted toward th' center of the section.
The panels were bridging the subrade as much as 4-1/2 in. at 1'iX passes.

raf-fic was discontinued at 15 -nooses (Incl 71) as the panels were con-
side-ed failed. Splits in the bar,s are marked on this inclonure. Some
of tie bars were also broken (Incl 75). fross-section (lncl 76) and pro-
ile (l.ac 77) meaisurements show the changes which occurred as traf ic

% x was ,.)ppied. The sanels were remove(: rom the test item and r-: laced
.- W itw lan in, mat so that trafffic - ould continue on items 1 and 2.

19. -ter , ifK fiberslass o-,nels ,'th membrane on top of nanels. A b9
-ew of this item orior tc ora."*ic -s swn on -aol 7K. As'rifl "os
o-"lnied,, the subg rade was forced uj throogI-h the openilns in the panels

and the sanels became embedded In rh<, ibgrrade. AC traffic was applied,"
the . atral onoath , aths torsed to move to ar(d ie -. . a'

Sonte n : ou 'id,- r-on , t section resulting in ruttin- " ,-' .

leton wa..'siodn"er itt pasises- of; traf-
fin (la.c] 79) as the :.:~. ,r,'os-ro:-elo fa.ied. Sltrair-ht-,i e S :

-..,. .. .<

• ''-" :.~~-1/5 1n .< :<. -...'4') . ' : ' , - --.: , ,-v.atio;r. ,...'sss-s'.ctor. -cr-.i ;,:' le "" " '.
",-.k'.ere. : .ch;' ",: .: Irc'2]: a rd 21 ). Flo me.::srne. -

at- "P.,. %
7, -W.-,,.-i.e.r

1• o" 1' 1:, ...:-1
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was r-.emoved fron the to f the T, . .1T. .- .

and broken similar to .:nrn w:f
- ~~~rijied a.; ai r-lt of I-..fe.;i -2is ar 0

-lhe on I t on -' thle r ".1r. i h

-a. In laboratory terts by 11.41!- 1h11 :r iA
force the sand!, the la-arir:iei I i ~imiiv~ ~:Ta
of the ra, nd alone.

b . The average deflo ction menrn~tin telb~ n::
the 1,:G -ane. stecimen with memb-rne at th eiajv,,.:;1on .n-"
(6000 lb) was 0.1 in. less than t hot for a -panel fnpecimt~r o ith nt me:%-
brane. However at the maximum load ()'10lb), the panel e
the membrane beneath it deflected 0.6) in .s than zu _,I
without membrane.

c. he doflection i*n the of""' ss0 1'he. ite ne rrei
men wi th membrane at the equivailnt i;4n le .whel load VOM~ 111) w, §J.1 1.-,.
mo re tIan it was for the panel sncoseni without membrane. At th, r-!xi in

load(5D000 b),the nanel secimen withot membrie bnahi .21c,-

I.

d. The '154 cargo truck with 20,020O-lb cross load and tirIen in-
flated to 35 psi made 50 oasses on a loose sand srnbqrade rrior tC thle
undercarriage of the vehicle drajging the oubgral1e.

e. The !154 cargo truck wi'lh !0,000O-lb i ross load and tire-- inflat-ed,
to 70 psi could not make any passes on a loose nd subgrade a7 it beacame
iobile due to deep wheel ruts and contact between the uiderca-riai~e of'

the vehicle and the subgrade.

Test section 2

f . The action of the test vehicle (?0,000-lb cross load) afte(-r 200
*passes on the Borden ranels with arid without membrane had caused the nrtnol:
*to work nut of the sand. Some nanels had 7ontpn on top cf each other;

-t hsrefore, traffic was storoe.)d an~d the secton re2worked ,. The rn-.nels were
replaced on the section, stee l wei'ti7 were aided alonfg the -di-s to E~iu-
late an anchorage ;ystem, anid the nel were ovwrfilled w~ith n. of
: sand. After am additional 920z a:-r (7)) totalI), the n-ad ne nL,

Covered the 7t,?ane ls in th raf",c lane. 7he -inclf- were o-~nc-~fe
,rith 2 in. ofsand, and traff"ic no nuel until anj adl itionaL 700 ncn
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n, , . 4

th :sembran was C. ,1

f. hac onrof th- o''e

to work out nfte s-4, ,f-!
C, e;tho.reforc

hr-inn :tod T'0el v. -

alrg tohe c,1-es to -%a ' n w,- rA: -. .
'illed with 2 in. of -sand. ta a'i a 200 s e r,
- c, were a-i:rled. The ,-rcr ith w'------- I

-thoug-h the carols wcere ),," ' th Tht-.-i

ci5rraeianchcre(,. an-i -CV!,i Wj'aW .... 'TV

a-e ribrane were also Iar- i -- le r- I I:,,!. :0:1-

mins 0:1125022e in cros t C,f a a, I r- c rq, -1 p'1 c-I

cuewaIs .9 -Ill1 4 r,,- -vhe maircr, 'fl-ixmun _ ii. cr'
sct io)n and rroflti w " '-e-abr- CC was 7 -sd 1. In9

:- ~ ic ~'aon 3 * 0

h. The 1KB:as' both w-th rDn 05 - -isone'C /2

* unelo were. failed after I1-r.passes of the tesot wo, hicle with i.* C,50fl- b
ros lo-n. a-"ola- suncraae with afB of1 1.6.

i. The c,-rden :ueswith membrane en ,tsr o)f the caoswere not --

faiedal> ohthe:- were bridging the subg:rade in the w__-el 1~it b--
-17 . mush us 7 in. , and they had s_-hifted on the su.bFrade after COC 5 o T) %

3f he est-vehicle 7;,-0l ross. lead). Hlowever, the1-.(? h memr a w12
failed in the -shcewheel oaths as it was aon.

-. j . The Boarden .nanols wihmeribrane beneath the alsr1-i

p50 pass -es of traffic. T-hese pr.isfat, ed alerc- the c-i-esey
:ere fastened together with steel cables to pre ve2nt them frem shift~ing

afaer the steel anchor wri-,to, wrn renoveB . Th nerls CoY ruL o~fi
+ he s-ibe-ra le as ouch as i n. in tewheel oaha>r t hew, hadi ri ed(

t) *ie subprade When tr> c.42 was _c %-,t leA-1 -br':no was.: riot,
tcerr asa result of_ the trff i '

fIlker
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u - ,rde3 Od . Fibergl'Jass Panels :r ,rid ge
he at ins

" "ei a ion.";.,- -

- he 'Ic -- ar rvi:I c al1:tIt:, of sand in the laborat, ry tests w as

: .M'It,u,'; times b,.' r-I.. the s..nd. with either

1den or wI anols. }i'wever , Ile sigificant, increse n the load----- -.
sa-ryn- :,aacitv f t'e siand wa ahieved by using .membrane beneath the .-.- .-..

b. A loose, uncompacted sa, nd subgrade will support only 50 passes
of an1 .5 -cargo truck (20,000-lb gross load) with tires inflated to

35 psi and will not !upport any passes of the M5), cargo truck with
LC,000-lb cross load and tires inflated to 70 psi. Therefore, a surfac-
ing meaia is re4_i - 1 the field of orerations of this type to support
bridge a -,/re ol'erations.

C. Thie volme of' "54 cargo truck (20,000-lb gross load) traffic
that ls- -e s.id s,ib ',-rle will suposrt is increased significantly by the
use Bof r,le anJ .5 panels placed on the loose sand. The Borden panel

.< ,- 00 he of te 1!9L cargo truck before it reqaired anchoring
e . .r weigCt.: cn the pane! ends. After anchoring the panels sup- - -"
a an ',sdit cnal 300 pass-s and were traffickable after the 1000 i e

t asl ases. The 11'1 panels supported 700 passes of the ,15L truck prior
* 'ein anchoria similar to the Borden panels and after anchoring, the

,anels cuonorted an additional 300 passes and were traffickable after
t-eI000 total rIsses.

d. :n the traffic tests with membrane placed beneath the Borden and
%, ILne; on a loose sand subgrade, the membrane did not provide any

:i:gnificant improvement in the performance of the panels.

e . Athoah the IFS panels, both with the membrane on top and be-
neath the sanes on a cl ay subgrade with a CBR of 1.6, failed after 154
rassec of the test vehicle with 50,000-lb gross load, this was an improve-
mnt ever the number of ,-sses (10 on a subgrade of 1.5 CB. , reference in
raragraph 1) that the vehicle can make without any surfacing.

f. The Borden panels with membrane on top supported a significant
n--ber of passes, 550, as compared to a subgrade with no surfacing (10
on a subgrade of 1.5 CBR, reference in paragraph 1). The membrane ;Id

not ann r to have influenced the number of passes that the nanels sup-
sornted as the membrane was failed as a result of being torn in the wheel - -

-aths. The anels were not failed: hewever, no further traffic was recom-

mended since the undercarriage of the test vehicle was almost dragging.
the surface of the tane]s. This was due to rutting of the subgrade be-
i-ath the snools I the w'-el ,aths."
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Fabric Testing

Product: Keviar Fiber -B (DE 84~73)

Manufacturer: Reeves Brothers, Inc.

Test and Unit of Measure Test Method Test Results -

Weight, oz per sq yd FdTetMhoSd.15.55No. 191, Method 50141

Fed. Test Method Std.
Thickness, inches No. 191, Method 5030 .013

Breaking Strength, Grab, lb ASTM D-1682-64 Warp - 573
Fill - 414o

Apparent Elongation @ Break, % ASTM D-1682-64 Warp - 6
Fill - 7

Tear Strength, Tongue, lb ASTM D-2261 warp -6o

Fill- 49

Bumrsting Strength, Ball, psi ASTM D-751-72 263 1

Joint Strength, lb 714o

Note: All breaks were in fabric; no breaks in joint

320,

a-. A-*

. .. ... . . . . I . . . . . . .

6P ~



4 1 
C

Q))

'0) o

0* C) C) (D C)
0 CD 0) C) 0

Hl p 0 1 CD 0
* C) ::7 :) C)
X l\ LI-s UC) LI)

co q-

C4d0 0~ 43 -0 4I C C

C)HH

co (I, C)

z d 0 \' 4

P4C

a)'

cdp
C'+.

CC 0

C0 Id Co H C

r-4.
N- C) )

Cd
-p a,

0 0
.0 0

a) E C) 04 '

r- l E 0 r H
C d C) ed0 '0

.14 rI 1- Q a) Cd -

Cd(1 Q

U) C. a) ~ I-

H C, ( 0 0 C

.0 m .4 4 -0 . 0 -40

Inci if 2 ~ aj S. S L~ )4C



* ~' . - . ---------. - . - . . 4 -

0 S 0

4% 4*4 *.

Avid
* 0

* 0

4)
U)
C) 9
4)

C.)
C 4

-i
4,
ci
S.4

C)
LI)

t
-Si

o
LD

ci

U-'

I.

S

'S

-C-.-

0.
4-

4-

* mm 9- 322 4.-.-
* . -4--.

4 4
4 4.

* @1 ~ 0 0 0 S 0 0 0 S S S S 0
*44

'4 4-
4*

'4 4. 4



T-ci

4

-4-

7-

'0

lo. 323

.0 0 40 0 W 4.



.7- W- - 7

440

111111
324Ij



0 1

4 4>

'a

70 -0

325



. . . . . . . . . .

0~

~ -z4;
0O

* 0

**~

d

~2)

0
0

'-I0
H

C)

~-J. -

,0
o
F vi-.

C)

...- .~

*

F'

I- *-~-

0

~~1 1~. 326 . 2,,

..- .. ~..-** 'S 'S* -

-~ -~--* -'S "S. ______

.j~ iO 0 0 0 0 0 0 0 0 0 0 0 0

. - -. . ~



I.If

A~Ak

327



-' 1 'v1 co %
C) to al' .17 0 U) .- A 1)4Jc

.- ' ft 4, 4 f5 0 4'V
0+' 'U 0 'o 0 cldH0

n 7'1 P. If) "C 0, 41'1

*+ Pl C ) 4 .
r ." 10 . U-. (r, -1 -1 (1) 4) 0 r L.D Q)C ~

a) alC v-I C'0 )- 0-.A: -'LC

L .. U~-' 0cd 4 la ',U L) 4)4) a) 7j *T
0 ) 4 ti Q a) 3U + Q, ." (U)

0 ('0 c.0 H4l-
. 1U-.0 -I+)J t-- 0 Id -, 0.. 4)f

('( C) 0C H).CC. C)d.C4U x

V T., (1 4i C 0 0 )U
:1.- 40 c1 CC,- 41 0u~ d'1 CJC) -)M0

C.- -4, t ;, , .. 0c . c- C) -.

Ec 1bn -4 P c 4( U) I P

a) a) V) 0D
U) 0 * 010 0 00 DCD0 0 S. 0

0 HHO-1rf 100 H Hi0O H
H ;7 4 C'0 000 0000 I C;

E. :I rHH CHH -

0 v 0

CC~ ~~~ 0-0 l 00 1

H XC 4H X UX+) C

4'Lr- 
4

-' 4-
**-.4-' C-.4- r-4- CU)
(Y) L \ C,,

H 4-) 4-

00
C,) U) co

-4-

4' Cj - C '1

0-.

4d (' 4'

.0U)) 0)) U

I q0N I 1 00 C)

1- 1 0 (

-4 I 1o.oil B I Aoi

U-N LA '.

Incl) 15 40

F- 328.-

N.U 
U

U) U U)4) .%



Ui

~uJ
* .~Uzm

7 o

w i$

(flU

P-42U Z -d

____ _ UJH

iC 00

z~29

Ilk-

z

1-4_ _ _ _ I

H __ _

___2!~l ( U

LU1' I
NI

t F-a LUN
K- E N

0. .

t~CDL L 0Z 0 0 0 0 0 0 0
Ln IL

~ .... ,



4 S .** . -

*
~Aj tV -

* 0
* A

4.

*1
0

4-,

H

0
4-)

- $4

tzb.1
0

4-,C.)
0)

* -I-'
S. 0)

4) ~*t~ ~
C.:
0

0)

.1*
$4 .~4(

0)

S.
H

C)

.....

B, ,~*. ~!4

I

p.

330

I

__________ * 0 0 0~
--- B-. --. -- - -

* S.



*. 0

*0

A

*4 "

0t- 0 04



0~*

*1~*U ~ .; 0 0

.~ 14*%'' 13 AU
'~*i~'' S P.

~ 22
*s 'S cj~

6 02:11 1

WI

c'J

'-4

'-.41:1:1
:1:1

A..i'~~ ~J
**~Ii*j pa

*;j~jjAD hie~~i'ie~
1

I 49g~5~~ ~..A ~1241 ~ a"

I
'-''a,. .'Aj I " A' C) a.-.

A

~A4~ ~ '-4 '-'S

*.0.:'-A'4..4 ~ - ja!.~ C~
4.4 - - 0)

.I..2~a~4I4 Iii Ii .-H

1~.*~3,* I
............................... :S.4.4'4 4344* . .. aaI.~j1 * 13:24

'WiW.L a. I
~ a-.

'4. 0
* i-.1 -4-'*5; J14-I., ,~ ~ 4 II~ U * 5-.Pfljjf 4'C)11111 U,~IJ~Jj E-'/ ~, pul .'au s

'~ ~*~-*:~ a

* . ~ a'* .p.. . N a.. \A A

0 '*5 'i.:' /~'~ r' % b4'~.j I'~ II
L - -

4w 4

L ~ It .5,
-k

Tr 1.9 332

a'.
.5

~p p 0 0 0 w U U U U U U
'' a-~P :- a.- * ~. .N'-. ~

* a. ~5.%% ,- '4.
F F ~. .*.*F:

* ~.'..a A. \u~a~JLa..a~~ .~3 .~ ~ Z ~aa'i&~&. ..A. ~.



4 .,3

0

143

0J

. J.



Io P

~A4,

J..

J--



II

a- 7

1V(!~

*. .t .- . .

Inc! 2/ 335



d*r' % .. -~- * I(

lpS

cd

4p

st)

.4Z.

Inel 23. 336

%' '

Vd



k 
4

400

tA-

Inc!* 

04 
3



0 .

P4,

Cd.

4-1

0

Inc-:- 25 3

.. 7



tj L4~~7I~

T.- u. _

.4 . kA

S t4 Ck

II .n It:0

Lu - -

1. . .

. . .. .... . .7. .. ..... . . .

I .... . . . . .

. . ,. . . . 1

.1. ~ . . ..1 .. ......

.. . .

. .. . . . . .. .

'I:)HdVW D - 3ABV 4MIVT

E__ _

. . . . . . . . . . . * S S S 339@

% .,



tt--

.77F7W j~~ 14 :v~-,' -4'l

44

-27-

.- w-4



0 In

II- 6
Q 'Q

I.. LUIK L 0..
da- - -. .

LU La LL1U.

LiLJ-

0c I-
4- '00 I ... -. . . . 1

Q cm

F-

4..

CLh

p0

-U N

CL 0.

-~ - *--

7t

Us0

M I dNO1jYA3fl

341.

%Afl



11

t .- wL
~ N .u z

Zb-

7z~

9- -C

ow LL)J
OUJ

-4-o

f2~

'N'*I A 1 'N 2 ' - - -TI

342

V .0

.1 rn



L.d

400

r 04

V-A

Ica,

.0 0 0 00 0 0

V7 -
C



UI*'E~U*~~U~ '* - .

- S S .

5 .1
S.

'A '~'

V~1V

~j ( I 1/:

it ~ *
~

IIIfJffftfIII'ff<IT(( /

.5."..

'S
I,

II 4)

-~ 
1* '' 4-' 5.

~ ~ ~'.:.~,f,

I Ii ~ lii,
A j ,t~. .. . a

~ mu ..L
'I

.1*~ ~'4:1., f
r

- )~ 5. 5~ 1 f 0'-4

C)

I /41 V
AA *

95 
~~54~

.. f. r4

A

- - 99
4-'

- 5-4 *5

.
~

I

I; I' .ii~~iiji~ FtWi4dJliIJJYIt) t0

I~ ~4~J?

.5 rJ.
-, 344

.5.

*5 5- *,.5 *5'5.

-j ~*~,***j~.'S*.~ .55 5,.

~L1tL S * * * * * * * *, * * *
- 5. * S.

.5 * .55. s - s~ W 5 .' - is' *s~' 'i

.*5.,55....~ 5. 
'*5.* *~5.

~



* 0

d do go 43~

a1::I S S 'a-

a : ~:.

a.

M4.-

4Imam

At As r S n

.44

'444

4. 4,4 's *

. 4.41 4 4k

4%



e4~.

joU,

0 t..

AW Ilk

mw~

Encl~~ 3S 4

. . . . . . ... . . . . . .

41.



* 
0

* 0

- .5.
4'

* 0

It -

d
U)

4) 6

'Ti

0)

-, 41 ~ 4..'.

~ ~r-1

it, -.

'N

*1 02

3' C r~e~

U)4 p

0

7-. 4. . .

Cu

It
iN A 9 'A.

-I

.5

'-"A.

4-,U

-* "A'

4.

0' 0

'A. 
N

-2' -

ThOl 32 347
.5-..-

S .5 .

S 5 5 . S - - S .5 
S - - S...... ..5

*_ 91 ~ S 0 0~~~@ 0 0 * * * 0 * 0

affia..a ~ ~aA.N.. A .5-



.4 %

% %
% I

% %



0

4

As0' ~
hO * 

I

min 4

Apt

IlaI

m1cl 4 349



I VI

144

* S

-44

p.,, 4-4

41,,

4-3-

fp.

Inl 35 350

4.A

.- O - .0 e -: -- 0



7 .7

A 0

40

I J.-
-41 i

...... AM
An A

.... . R

3~2s~AM

* 351



'o -7 7- - W * t

-l"11-7A

*~_ 
4.I4~~

II

Tf 4

*4 ,L*.J

352t

dJ-

* .I

* 9 T

.q4~%1S 0 0 0 0 0 0 0S S



t ~- t -r

T I

4-4 -T-hl-T-t

Tl _11fT ---4 - + , U

* 4-7v-'---

I _ 'T .+

it
,.J.-

"CT

.~~ ~ ~ ~ . ... r ...

x A/CL ac Z G;~ }OJA1

353

!~i~L 0 0 00 00 S0. 0, Am



u-I- 0

0--

ha IJ

LLI

AUu

C4 v

p. 0

'N 6'LWA1

* * al IA%

*~5 

%6~'~ 
n.**3S

% 5.c*

%6pa



I --

00 % %11 -cZ

I-j

-a 43 -- j4
-~ -' oQ..

A'p
4' ~ N'J

L

UU U

-o W0 t

c'11 tip 0z

NZ N . NV&-

6- 355

36- Pua..D

4fU'4 ..



.... ...

IT

ryr

1 ~'39- 356

-. 4.0



AN--

AN ANN AIW'Af

*AR IA~4d t. ..a

44 A
M 

ft

a m a A N I - A
*~" AN AIR4 AN4. . .

* 41 8 lwA AtAtA

4-0f 4 40

4 4

* ~357 9 -



. o F. P P. F .

Cd*

tr-

P4,

-4

Tric I;4 4105

e- p.e -.C



. .. ..

41

L ca

:v.* 14/5



'4-

4.d

4-4-

o 44.

360

4.or



00

-tZj_~j t 1- 
,- ('

-. T Jt- 
I

-+417 T a

_4tI

.t

-44A

;jji.
rA~4-1! 4~

361u

-T 

i-- - - - - - - - - -- -- . .~~~~~ 
A*~ *~ 4*- .. * . V * : - - .

*~~ +. t.% 4 - % * * * *

'4. .4 .



4'.7

0 CL L±J

c LU

rnu

LU

AL.

z cz-z

Zo p

.J< -'

tz-x

u'+if
'NM'N~lVA213 'N'NOW.VA31

362

N%

Wo 0 -0,- :0 10 - .- 0 . o.0



LU

L, LU
I- ~ <

- *.
LI-

_~~L - - '4

4v 
sto w

'NI~~ ~ ~ ~ LUUA INOIA:-

36

0 P0 0- 0 -- 0 0 V 0 -. 0-0 0-



I: a * .*...-....'.w....... -

E.'a.
* 0

-F.

* 0
2~~
a'

.4.-

* 0

-a

'.4 5*- ;'
'1~

42

C.)
'1

42 a- *%
It)

.12

A
-ha '1)

('2

R

C,
C)

.42 'a
ci

Ct

a) * 'a
42

k--C

'Sr

- a-a.

ad.

a.

0; 4-'---.-

-- '--a--
-a.

* TreJ. b6. 364

4.-Fa
A,' c

Pd--. -a-a-'.-.
*r a- '%j.~g.' - - a . ,fa a...-.- - -, -~ - - a'.

La" a a -. 4. *4a** 4,-a.- a
~ 4, ~ %'.ra a'aV'aPYI a 'ci

a ?.u.a..c.4
______ 0 0 0 0 0 0 0 0 0' S S 0

Jr -~ -. '-a t.~s2 w& . -.S&..±... -1
%'a 'a 'a ~'-a.4a-.

'a - - - \ %a a. a V - a'



rr r ,r ~'7r r T.fl7'U W *~-.. -~ -. -. - Er -~ - - - -

* 0 9

* 0

-N

* 0

* 'S

0 0

C,
(/2

1< to -'

5-.
C,
4-,
4-.

-I-

I

I -4 -

-S S

-0; S S

1~.

bIb2

* ii 365 * -.

-I - I -I

* 0t ~ 0 0 5 0 S 0 0 5 5 5 5 5 5
A

I.- -- ~ -' V - - b -



7,,7

0

U-1-

$4

Ht I

-14 

0



1 0

00

r44

: .. .......

Of~~~ ~ ~ ~ 0 0 0 0 0 0 0 0 0 o



r-4h* 4
**

-off

t#.

0

4. i 43

I IV

a

-0 0



7...... .....
.. . . . . . . . ................... ....

....................... ....... ~ 1

. ... . ... .

.. .. .. .. U L... ... . LoI_ .: .. .-2
....... ~.

Uk.................. 
.....

4* .. .. .. .

... .. . .. .. . .

............ ......... ........
cJ . ........

--- .. .. . .. .

Ui

* U.1

. ........

.... . . CL
.... . .. . . .... . . .

............... .....

~~ : 4.......s. ,

t: : : ...

ACL -5

369



..... ....

zu

L, L

a-.:

c-
I-Uj

F3F

coc

IL u

00

.00

370.

4 4 0 I 0



zz

L

Liw
_ LUU

I.L

00
± . 'J-

'-C

-M-l'OIIVA-1B I*NOLJA31

371 '0 i

.0 _ L0u-



* -a

100

fncl~~ 53. 37-.*%,

At *.7.



99A

0~0

q Z
I 

_ _ _ _ _ 

-

0 
.

.

'A~ X- 
-n

0 LL.

JJu*

373-

'Z IP e

0S

d~~~~~~~~~~~.~~~( 

.

.-.. 
*S 

* * *... 
-.

*. 

-5, 

5 

0

*,% , 

i L.,.'55 S' 5IS'*0

OL~* 

S '5

(Z.V 

.*j~

"71 F*

C 
'S--r 

S 

-~'r 

--

131-
* S *AIC 

51 
.- 

-

5- 
373 

* 5, -

%*%%



: k

0

Ail

Tncl 5. 37

- t -7- 1



SUMMARY OF CBR, WATER CONTENT, AND DRY DENSITY

*Water 
Dry

Total No. Location Depth, Rated Content, Density,

of Passes of Test Pit in. CBR CBR ___0_ Pef

0 Sta 0+214 Surface 1.4 31.6 86.2

*6 1.5 314.2 84.80 *

12 1.8 33.3 85.2

Avg. 1.6 33.0 85.14

1.6-V

5'550 Sta 0+10 Surface 1.7 34284.6

-6 1.5 32.8 814.2 .

12 1.7 314.14 82.1
NV

Avg. 1.6 33..8 83.6

.37

Tnc\ 564



7--7

-'-

4 *10

p6g.

It.

p d,



1 4 
4.1..

1.4

I- 4_

LL ~ r ~ ~ p d@

u Y '-iK'a -r.ji.

14

zzfr T ,F

___

L 4.

.4Nw Nj y V VT H:x49 A7 V QV3

i~~JZ.~4~iY .H1 3 . .ov . Q .AT . ..

I MLO 1___5 S

377

V AC-05p 'I** 5 __ ~



. .. . . . . .. . J

7 _71 LA 1 77'Tf

14.

...... .... ..............................

*~~Z ............ ........

7 ' it. 'tn . 4

.. . .. ..

.. . . . ........ .... 11........

LK

. ~~ . . .. .4 .

7177

.~~~N .~ .

378

Io



.11

* fit f;z j

r :6:.

4-,-

oi Inel 60. 379

- hi



ww

* 0

I aIV

v, 1*



* * ....... . UU . .

-p 4, b

0

CO)

-4-

-ZS -7-

L-.



*%

TTTT ITi 1 Z5J77.,

t T 4i< . IA70 7T T

k-CCi

L V -I ... ..

C' I.
It Hw7' L'__9

"Cu

C-4

i..O.V- QJC.-.

_ +'~ f

C-C1 (P,

382t-

%..~C

77% I-



7 1D-R39 480 TACTICAL BRIDGE ACCESS//GRESS PRELIMINARY 5/6
INVESTIGATIONS(U) ARMY ENGINEER WATERWAYS EXPERIMENT
STATION VICKSBURG MS GEOTECHNICAL LAB B A MATIS SEP 89

UNCLASSIFIED F/G 13/2 NL

'EBu-u."".O
E---EE-EEEII

IIIIIII~mIIIII



-~~~~~~~-T -. i -. -.. . . . .. . . . .. . .

~1.8

11111_L2 .4 2 .6

= mjj__

.4' MICROCOPY RESOLUTION TEST CHART
R~AI i0FAL BUREAU OF STANDADS-1963 -A

7A



'0 0' On

'Si47* ..

***.,'8~ SS;4

0 2;_W-- z A

:p :-:; TO,

IW

40.. 10'S#-'.jo;_

0,0 4000 W44 ,

joj
10 400,0 -0 -40

1,00 001 -00li- 4k40
io 40' S o 0

10 - SI

10 to
*~4 do 0 8 .

* ~ ~ ~ ~ ~ ~ ~ 1 to~* S S S S SS S S

-~~~~ ~1 14 10*-*.*.-- 1 - -



TT.

4 T
-T-

tt- t-'

-b- 
~ - .

-v4 
-+, - ,

_ _ 
_

__ ___ TIT---- ~ -- ---
4  j4-t* 

'-

Ln~l.. 
T

E7~

t1 c

4 H-4

1~- Hi

7 Il

14.

-'-.

-J.4

tt t

At

384

-7 aa



Vb_ _ -S Va. r ~ w w ~ -r

.. ~~4 .. I.. -

T~0
I_ 4

~It

IL

.j7T-1 -+t- { +I7I 1 0

it

aa

-. * *.* JW t S

5-. 385



r4.

C)

67 32286 .

lpM

Ze*



C.

a'

AN'U

AN'4

C)

Tn~i (~387



MY,.

A0

40 a

U- U -1

Inc 69 388 :-
% %~ U.U. mwn-

~ hIWUU tUU 38

.~~~:i~t;:: Ut~ 38 UUU 0
'-4 .Am



- V. -r -w -: -

44-

.11

'.9

4-3p

. S * * -

-- I-



N N

d* A

0

Lrl 71.39



I

4 -It

It; .4 . . . . .

.t .~ . .I

L. +;r* t It

54

4-i

iI

tA

-7i

V INCL --7*2,

391



-- ~ - -~ -~ - -. - .

0@

EU I 0

hi 4..

I, fl 0 0

0-

0

I 4-4
I as

.4.'
0

I, 4-'
S..
0

II I S-4

C.,

'I a)
4. .4-'

- 4-4

*N ~

'I, - .

'' I
I ~- -

-4-

-. 4 0

4- .1

4' 'H liii
In 1 ~73* 392 £~29 .'~-.9iI

I

4-

*s 0 0 0 0 0 0 0 0 0 0 0 0



4_1

IIINI,

74 39



* -
- *K. ~ ~,. - -

9
IJ 

,~ I I Ii
I * Ii

'p. 

I I'

II .1 
0 0I I j I

I 
I

* 0

C-)
.1-4

4..)

4, 4qg)*- -.. '.0

U)

4,

* ~ ot 6-U 
H

I-.

4-)4,S

4:

H

H

4-)o ..'~J.
'-a

0)

-a

'a-

U)Ii)0U

@1

394 
9~

-a 
. -a.. -

-a~'9~0.~L

a,~

'1



Z7.

...... ..

~. .. .... ..

. . .. . .... ..

.. .r. . .. .. . .

71 .. ....

....................................................

... .. .. ~ ..-

* IIL

P.,,.,7

KW.



24..

41 Lu

4-

..: f .t ... ... .. I

ILI

TL NC 1.

.~ ~ ~ ~ .~; ..

396 7~



* S S

* S

S

* II -~

liii' I 1

HI S ~@
iii I I H

I liii C..

IIII C"

~It 4-, ~@ .5
liii 4-,

liii C.C

C.,

6 0~ S

1 . . *1~

* 5 5

1-. 5 5

p.

* 0~ ~ ~ 0 5 0 0 5 5 0 S 0 5 S S S

* *. .



& . . ..- . -- V

0

.~ '. V.,

* 0

C -

U .,.4 -. -.
'V

aS
'.4

"-4

0

U,

U,
U2

* aS
.1'

.4

U-'
'-4

'.4
4.,
"-4

aS
.4

4-,

* S.---

5'.

mc]. 79* 398

----------------------------------- -V -. - ~ - S* .. %~-V... ~ * -V -
*~5.*~.* - - '-.5

V.... .~,(.*-.'--'.***--..-.-- V V
%~ ~ -

.. j.~.fl.-----~- *.*.** s's. - _ - _ * *
0 70 S S w w w - -

- - -t ;---V-V -r.tW 5"-



.' V W'. --- -- vN . I ' V. ,.wj~.- 'w - W- * * - *

[2.~. .. .. ..74 :7 7 772~--:. ~ .... .

. . . . . . .

....................... .... .... ........ ....

L~

....................... ... ...

L. .

. . . . . . .... . . . . . . ...

I.

. .. . ... .. ~ .-.- ,- .

399



I .- I- I- . . . ..

. .-. . . I .. . . .I. . I -l -'

.... ~V 777j-7 :77

Li

. . . . . .. . .. . . . .L

. ...... ....

..... ....... ..-.. K...I. ...

.... I. .-.

7:...... ... .

L)L

.. 4... ....

UT' t .

.V. . .. .. ..

. . . . . . . . . . . .......... ..... .

Ar400



P40

cl

401~



7-7 777---

-4-

402

-. -



-. -' 4 . . **~*. . .* C C -

* A

J

~ .~
4.

.,~ ,
-%

4.

*
* -,

4-

.4
"4. *~..*.

APPENDIX H

~mq
TRAFFIC SLOPE TESTS OF MILITARY INVENTORY ITEMS

AND THEIR EFFECTIVEHESS IN RIVERINE

EGRESS TESTS .-..

~wI~

4' U

*0* - '*4*4*

.4

~

'4

4.

a.'.

403

.~II - *.4* ~ .4~$..;,
..............................

4p.4 / .4 ~.**......................~....

___ * p * p p p * * * * * * *
'4 444. "4 '4 4.

4. *4. '4 4.

.4. 4.4. * .%



• " '. ** '.o_ o o. ' . o ° " . " . " .° . . . . . . . , . . . . °

Introduction

Background

1. Military operations in the 1980 time frame will require .

rapidly emplaced gap crossings to enable troops to effectively counter

enemy threats. Emplaced gap crossings must be capable of allowing mis-

sion essential traffic to cross before enemy threats are effectively

applied and maintaining subsequent traffic flow. Poor soil conditions

or steep slopes along river and streambanks must be overcome to allow

movement by tactical assault vehicles at the most.tactically advan-

tageous locations (Headquarters, Dept. of the Army, 1976).*

2. In concept, the desired egress capability will be used pri-

marily in the assault phase of tactical riverine crossing operations

(Headquarters, Dept. of the Army, 1979). Ideally, the capability should

be obtained through the use of inventory depot items by engineers in the

main battle area to aid the riverine crossing of swimming and fording

vehicles and to gain access to bridges or raft loading points for as-

sault and follow-up forces (Headquarters, Dept. of the Army, 1978).

3. Initially, some modifications or adaptations of standard in-.'

ventory surfacings or soil strengthening materials will be used in an

attempt to meet the goals stated in the Letter of Agreement (LOA)

(Welker, 1979) by day or night. Swimming and fording combat vehicles

should be able to exit streams with slopes within the normal climbing

capability of the vehicles (<25 percent). In addition, egress points

must be capable of withstanding 25 passes by vehicles up to and includ- , -

ing Military Load Class (MLC) 60. The egress "system" envisioned in the

LOA will hopefully enable one squad of an engineer combat company, using

current equipment, to simultaneously install two 5-m-wide egress systems "-- *
(adjacent on the bank) within 15 min after arrival at the exit bank.

Purpose and scope

4. During the period July-September 1978, personnel of the

* References cited ia this appendix refer to REFERENCES at the end of

the main text.
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Geotechnical Laboratory, U. S. Army Engineer Waterways Experiment Sta- ,

-,'.-. tion (WES), conducted egress tests within the boundaries of the WES

reservation. Two areas were selected, one upland area adjacent to

Porters Chapel Road and the other area adjacent to the north end of

Brown Lake. Slopes of 23-25 percent were selected in silty clay (CL)

soil adjacent to Porters Chapel Road and lean clay (CL) soil near Brown

Lake. Each area was graded smooth. Slope-climbing tests were conducted

with a combat-loaded M54 dump truck and two tracked vehicles, the M48

tank and M113 armored personnel carrier (APC). Tests were conducted on "

bare slopes, on T17 membrane surfaced slopes, and on Ml9 and M8AI mat-

surfaced slopes, both dry and wet. Also tests were conducted where the

vehicles tracked through a wet clay at the toe of the slope. In addi-

tion, drawbar pull tests were conducted with the M113 APC on T17 mem- .-..
brane stretched and anchored on level ground. The purpose of these

tests was to determine if any depot inventory items were suitable, and

to what degree, to use as access/egress surfacing for a riverine cross-

ing in a combat assault role.

''*.-..- ~Test Program-.. ..

Upland area tests

5. Unsurfaced slopes. Initial tests were conducted on the WES

reservation on 25 percent slopes constructed in a roadbank of medium-

brown silty clay (CL). Tests were conducted with the M113 APC at a

gross vehicle weight of 22,865 Ib; the M54, 6x6, dump truck at 70 psi

and 40,000 lb, and the M48 tank at 106,000 lb. Results of these tests

are shown in Table 4 (see main text).

6. The initial sequence of tests was conducted on a dry, unsur-

faced soil with no membrane or mat surfacing. All three vehicles con-

pleted the required 25 passes on the dry slope, and the rut depth after

traffic by all vehicles was 4-1/2 in. However, when wetted with spray

from a water truck, the surface became very slippery, and vehicle per-

" formance was reduced considerably. The Ml13 APC completed two passes,

the M54 truck no passes, and the M48 tank one pass (Table 4). Photo HI

shows the area and vehicles on the slope when dry and a]so when wet

405
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7. M19 mat-surfaced slopes. The next sequence of tests was con-

ducted on another 25 percent silty clay slope near the one used for the

previous tests. The slope was covered with clay gravel and then with a

4- by 4-ft M19 mat (Green and Ellison, 1969; Depts. of the Army and Air .S Force, 1968; Headquarters, Dept. of the Army, 1965, 1966a, 1968, and

1973) anchored (Gerard, 1969) to the slope. Initially, the vehicles

attempted slope-climbing tests on the mat in the dry condition. All

vehicles completed the required 25 passes (Photo H2 and Table 4) al- - .*

though the mat slid downhill slightly in the M113 test series and nearly •'

7 in. in the M54 and M48 test series. The mat surface was then wetted

with spray from the water truck (continuously during the tests), and the

test series was repeated. Again, all vehicles completed the required

25 passes. The mat movement was similar to that in previous tests

except that in the M54 tests only 1-1/2 in. of movement occurred.

8. In order to simulate some of the characteristics of water exit .'-'

conditions, a thin layer (<4 in.) of wet clay (CH) was placed at the

bottom of the mat-surfaced slope and water was again sprayed on the M19

mat. The performance of the M113 APC was affected slightly by the wet

clay at the bottom of the slope, and the vehicle completed with diffi-

culty the required 25 passes. However, the M54 truck was unable to com-

plete a single pass, and the M48 tank could complete only five passes

with extreme difficulty, because of the surface slipperiness caused by

the wet clay and water.

9. Similar tests with the same M19 mat, unanchored, and with the

same surface conditions produced similar results (as the anchored) but

with substantial mat movement as shown in Table 4. Wet clay tests were

not conducted, as previously described, but similar results could most

probably be expected. ,• (4_

10. M8AI mat-surfaced slopes. Tests similar to those above were

performed at the same site using the M8AI (Headquarters, Dept. of the

Army, 1973; Tucker, 1968; and Garrett, 1959). Mat placement (top side

up) began at the toe of the slope in the normal brick placing pattern as _ _

shown in Figure Hf, except the ends were offset approximately 1 ft. The

mats were anchored in the offset area. Tests were conducted with the

-.....-....-... ,--..--r-'.
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406

r C .d" .

.. ---... ... ,--. .. ,..,....:.< ...- . , ..- ... . ..-. :-:.....-.-....? :,: .....- .. ':'4v -:'.4" - - "' ' . - " . "'.-.- '' ". ---



MA T ..

* ....-.....

CONNECTING HOOK
OR BA YONET

SLOTTED RIDGE FOR
GROUND HOOK CONNECTION CONNECTION OF

CONSECUTIVE MATS

a Normal p lacement position

HOOK . "

GROUND SURFACE CONNECTED MATS

b. Inverted position

Figure HI. Normal and inverted placement positions of M8AI mat ...

M1113 APC, M54 truck, and M48 tank on the mat initially in the dry condi-

tion. All three vehicles were able to complete 25 passes with little

" mat movement downslope (Table 4). The mat surface was then sprayed with

water from the water truck, and all three vehicles operated up the slope.

Again, all three vehicles were able to complete the required 25 passes

with little difficulty, although slightly more downhill mat movement

occurred in these tests than in the dry surface tests. No tests were

conducted with the wet clay layer at the base of the slope with the

anchored mat.

11. The anchors were removed from the M8AI mat on the same slope,

e-- and tests were begun with the unanchored N8A1 in the dry surface condi-

tion. All three vehicles were able to complete the required 25 passes

with about the same mat movement as in the anchored tests (Table 4). . -

The surface was sprayed with water, and tests were conducted with the

three vehicles. All three vehicles were able to complete 25 passes with

approximately the same mat movement as in the anchored tests. A thin

layer of fat clay (CH) was placed at the bottom of the mat-covered slope, '"O '

and tests were conducted with the three vehicles while the mat and clay

_O, 407
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surfaces were sprayed with water. Results of these tests were similar

to those of the M19 tests. The M113 APC was able to complete 25 passes

with difficulty, and the M54 truck attempted three passes and completed

none, while the M48 tank completed three passes with difficulty

(Photo H3). Mat movement in all three test series was negligible.

12. Because of the design features of the M8A1 mat (Figure HI),

the mat appears to provide better tractive surface (for vehicles) in the

inverted position than in the normal placement position. Accordingly,

the mat used in the previous tests was overturned ;And reanchored, and " -

tests were conducted on the same 25 percent slope (with clay). The M54

truck was still unable to complete a single pass with the wet clay layer . . -

at the bottom of the slope, whereas the tracked M113 and M48 completed .....

the required 25 passes with some difficulty.

13. T17 membrane-covered slopes. The area was cleared of mats,

checked for 25 percent slope, and prepared for the membrane test. The -.-

graveled slope was covered with a T17 membrane (Headquarters, Dept. of

the Army, 1966b) section composed of sheets of membrane bonded together. ..-

The membrane was anchored at the top of the slope by excavating a small

ditch, laying the membrane inside, driving tack anchors, and covering it

with the excavated material. Three tack anchors were then placed along

each side of the membrane at approximately equal intervals to anchor the

membrane to the slope.

14. Tests were again conducted with the M113 APC, M54 truck, and

M48 tank in both dry and wet surface conditions. All three vehicles

were able to complete the required 25 passes with litt], difficulty,

although the repetitive traffic caused tears in the membrane in the wet-

surfaced tests, a,. indicated in Table 4. Membrane movement was about

the same for each vehicle in both (dry and wet) of the test series. In ,..* --

all tests, the membrane wrinkled and stretched with each pass but re-

turned to almost the same point after traffic (Photo H4). Tests were

also conducted with the three vehicles with the wet clay layer added at

the toe of the slope. All three vehicles experienced extreme difficulty

in even getting up onto the membrane-covered slope. Only the M113 APC

was able to get up onto the slope, then only by using a 20-ft start on

408 O
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dry soil. In all attempts, the membrane deformed considerably and was

torn across the slope width and severely damaged in tests with both of .- ''

the tracked vehicles.

15. During all of the tests mentioned previously, membrane abra-

sion by underlying gravel was considerable and even severe in some

places. These abrasions, however, were not considered to be the causa-

tive factor in the membrane tearing during the tests.

Brown Lake tests

16. Tests were conducted on 23-25 percent slope constructed in

lean clay (CL) at the north end of Brown Lake (Figure H2) on the WES

reservation. Slope-climbing tests were conducted with only the M113 APC

loaded to 23,495 lb. In addition to the vehicle tests, the time of mem-

brane or mat placement and the number of personnel required for place-

ment were also annotated.

17. T17 membrane-covered slopes. An 18- by 77-ft membrane sec-

tion composed of bonded sheets of T17 membrane was folded into a 4- by

5- by 1-ft bundle and placed at the toe of the slope, adjacent to the

water. Five men then unfolded the section and pulled 57 ft up the slope

in 32 sec. Two men in two boats placed 20 ft of membrane out in the

lake in 7 min and secured the membrane to the lake bottom (2-5 ft below

the water surface) with sandbags attached to the membrane pad with ropes.

Three men then placed four 1-ft-long side anchors in 1-1/2 min. A 2- by

6-in. board wrapped inside several folds of membrane was placed in a

shallow ditch at the top of the slope, then secured with six drive tack

anchors, and covered with excavated soil. This phase of the entire pro-

cedure, depicted in Photo H5, required an additional 10.5 min. The

elapsed time was 19.5 min.

18. In the initial test with the M113 APC, the driver of the ve- .

hicle experienced difficulty in aligning the vehicle with the membrane-

covered slope. As the driver maneuvered the vehicle into position for

the slope-climbing test, the vehicle pressed the 18-ft-wide membrane down

into the soft lake bottom, pulling the membrane edges and sandbags to a

point adjacent to the tracks of the vehicle. As the vehicle attempted

to climb the slope, the membrane and sandbag ropes became entangled in

409
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the left track, pulling the membrane down the slope toward the water.

The slope side anchors tore the membrane 12 to 15 ft, and the 2- by 6-in. -j
anchor board was pulled 10 to 12 ft downslope. The vehicle continued

upslope with the membrane severely stretched and wrinkled as shown in

Photos H5i-H5k.

19. Analysis of the first lake tests on the membrane-covered

slopes indicated that (a) the short 1-ft-long anchors were not of suffi-

cient length to prevent downslope sliding of the membrane, (b) the mem-

brane, by necessity, required additional anchoring at the top of the

slope, (c) a fold of membrane was required near the water's edge and the

membrane pad should be wider, both to allow for conformation to the ye- -

hicle ruts in the lake bottom, and (d) the sandbag anchors, by necessity,

should be tied to a small steel cable and placed at least 20 ft from the

membrane edge. Accordingly, all of these suggestions were incorporated

into the second membrane test.

20. A larger membrane section, 36 by 100 ft, was refolded and de-

livered to the lake site. The unfolding procedure used previously was

again employed, except the placement of the membrane from the top down

the slope required five men a total of 35 sec to complete. A ditch

approximately 3-1/2 ft wide by 2 ft deep by 25 ft long was excavated

with a hydraulic backhoe. The membrane was placed along the perimeter

of the ditch and secured with seven 1-ft anchors evenly spaced along the

inside of the 25-ft ditch. The ditch was filled with the excavated ; il

and side anchors were placed along the edges of the membrane section at

10-ft intervals. A 4-ft fold was left in the membrane section at the

water's edge, and the remainder of the membrane was pulled out into the

lake and anchored using the Ml13 APC amid a boat, each with two men aboard.

Steel cables, 20 ft long, were attached to the membrane and to sandbags

dropped into the water perpendicular to the membrane length to secure

the membrane section and prevent floating or limited lateral movement.

Photos H6a-H6f depict this procedure.

21. The Ml1 13 APC entered the lake a nd swam around to a position

in the lake a Ii gned with the membrane on the slope. On the initial

pass, the M1113 APC was able to place both tracks up onto the membrane

411
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section after pulling the 4-ft fold of the membrane section into the

lake. However, the vehicle was not able to climb completely out of the

lake. The vehicle backed cut into the lake and aligned for a second at-

tempt. A small tear in the membrane was noted at the water's edge. On O O

the second attempt, the membrane tore and shredded in numerous places

under the vehicle tracks. While maneuvering into position for a third

attempt to climb the slope, the driver noted that the left running gear

was inoperative. The vehicle was turned around into a position that

facilitated removal from the lake. The vehicle was then pulled out of

the lake and up the slope by the M48 tank. As soon as the M113 APC ."

exited the water, the reason for immobilization was readily apparent.

Some six to eight wraps of T17 membrane had been pulled around the

sprocket between the sprocket and tracks. The rolled membrane thickness

had forced the track away from the sprocket, thereby immobilizing the

vehicle (Photos H6g-H6n). In addition, one of the cables used to anchor

the sandbags was entangled in the track. The exact cause of the en-

tanglement, however, could not be determined. After the M113 APC was

repaired, several unsuccessful attempts were made to exit the lake up "'"

the 25 percent slope (Photos H6o-H6r). However, the M113 APC could only

exit the lake at the prepared ramp (Photo H6s) where the slope was less Iem-

than 15 percent.

22. Analysis of the T17 test results indicate several problem

areas relative to the membrane section tests: (a) membrane edges in

turbulent water are subject to entanglement in the vehicle running gear,

and ropes or cables attached to the membrane as anchors may increase the

risk of such entanglement; (b) vehicle tracks push the membrane into .

the lake bottom, thereby creating a slippery surface at the water's edge,

which may also contribute to vehicle slope-climbing problems; and (c) "S' '4

time and equipment needed to anchor and place the membrane exceed the

LOA requirements.
23. SAl_.mat-covered slopes. Slope-climbing tests were conducted

23.- .8 I" 
. --m L

on the same 25 percent slope used in the membrane test described pre- '0

viously, but in these tests the slope was covered above and/or below the. . .-.- ,

water's edge with the M8AI mat. The mats were connected in the normal
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manner, hooks downslope and perpendicular to the slope (a, ross the slo'

width), to form parallel ''runs" 18 in. wide composed of interconnected"

mat pieces. Initially, 5 runs were placed across the slope itsel t, an0d-

11 runs were placed parallel to these runs but underwater beginnuing at

-the water's edge. Thie mat was anichored onl the slope with four screw,-

type anchors (Photos H7a-H7f).

24. In the initial vehicle test on a dry slope, tie M 113 APC

entered the lake and maneuvered into position to climb the slope. The

vehicle attempted to climb the slope five times without success

(Table HII). The mat surface apparently had ano insufficient traction

surface for the vehicle track system as the vehicle merely spun its

tracks on the mat with no forward movement (Photos H7g-H7i).

25. For test No. 2, 16 runs of mat were pulled up the slope and

flipped over with a crane so that the support ridges on the bottom of

the mat were facing upward, i.e., the mat was inverted relative to its

normal placement condition. Ten runs of mat were pushed into the water

by a bulldozer, and six runs were left on the slope. The mat was not

anchored at the start of the test. The vehicle entered the lake and

maneuvered into test position. The vehicle then eased up onto the mat,

touching some 15 ft or so out into the water, and by very slowly moving

forward was able to exit on the slope in the second attempt. The sup-

port ridges on the mat created tractive surfaces such that the cleats on

the track system were able to gain sufficient support for the vehicle to ."-

complete one pass with difficulty, a very marginal single pass. However,

the vehicle pushed 3 runs of mat into the water, leaving 3 runs upsiope

and 13 underwater. Consequently, the test was continued with 3 runs up-

slope, 13 in the water, and the mat anchored with the rolled edge of the

mat downslope to determine any advantage of having more mat in the water "-* ,

(Photo H8).

26. Five attempts at passage were made by the vehicle from the. -

water with 3 runs upslope and 13 underwater, but only two passes were

completed (Table HI) with the mat surface dry. The test was temporarily

halted when the cables slipped and the mats moved completely into the

water, pushed there by the track system pulling downslope on the mat

413
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when gaining traction. Therefore, the mat was reanchored by cable to
'.%.' .-

the ground with the first mat at the water's edge. Three anchors were

placed in the slope on each side of the mat and tied together with cable.

The mat was inverted with the rolled edge of the mat downslope, and the . 0

test continued.

27. The vehicle entered the lake and swam around into position

for the next pass of traffic. The vehicle eased up onto the mat, and. -. -.

after several spinning attempts, the vehicle was able to complete one l

pass up the dry mat and slope. However, the mat was pulled completely

into the water. Testing was continued, and the vehicle completed

26 passes without much difficulty, although the vehicle tracks spun to
varying degrees upon contact with the mat. At the end of test No. 2, '*e -

the mats had moved into the lake such that tile first, mat (toward the

slope) was 18 in. out from the water's edge. The driver oi the vehicle

developed a swimming-climbing technique, which improved vehicle perfor-

mance in the latter half of the passes. The vehicle needed a higher

gear (third) for better water speed and maneuverability but a low gear

for slope climbing. Accordingly, the driver would reach full speed

(3-5 mph) in the water in third gear while moving toward the slope; then

immediately prior to mat contact, he would downshift to low gear. At

the moment of contact, the driver would then accelerate onto the mat and

continue upsiope. This procedure seemed to push the vehicle onto the

mat by inertia and weight transfer, and the shift to low gear then in-

h . creased the traction capability of the vehicle upslope on the mat and

slope (Photos H9a-H91).

28. For test No. 3, 16 runs of mat were left in position (after

the previous tests), and the slope was sprayed with water from a truck.

The M113 APC had little difficulty completing 15 passes before being , ..

Stopped because of anchor failure on the left side. After the anchor

was repaired, tests were continued; the vehicle completed 3 more passes

(total of 18) without much difficulty (Photos H9m-H9r). However, it was

discovered that the first 5 runs of mat at the water's edge had been dis- .S
connected from the other 11 runs, which had been pushed farther out into

the lake. The five panels were removed from the lake by crane and were
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heavily damaged by vehicle traffic, especially at the panel joints

(Photo HIO). Evidently, the rolled edge, when placed downslope, was

rather easily opened up and unrolled by the track system spinning on the

rolled section. After unrolling, the panels then easily disconnected

with little effort.

29. Two runs were replaced in the water (though not attached to

the 11 runs already in the water) about 2 ft from the water's edge and

anchored to the slope. The slope was again sprayed with water from a

water truck to simulate a rainy or surface slipperiness condition on the

slope and traffic continued. The vehicle had difficulty getting onto

the mat at first, but after apparently seating the mat in the lake bot-

tom, the vehicle completed 5 passes (total of 23) without difficulty be-

-" fore anchor failure occurred on the left again. The mat was reanchored,

and 2 more passes were made to complete the required 25 passes to con-

clude test No. 3.

30. The slope was checked for test No. 4, and negligible change

was noted. The panels of mat were retrieved from the water, and five

runs were reconnected with the top side up. The mats were then shoved

into the water a distance of 4 ft from the water's edge and anchored.

The rolled edge was downslope, and the slope was continuously sprayed .

with water during traffic. The vehicle attempted to climb onto the mat

but could not gain sufficient traction to exit the water. The tracks

would catch momentarily on the connector hooks of the mat but could not

develop sufficient traction; thus spinning and backsliding occurred.

Five attempts were made at passage with no success (Photos Hlla-Hlle).

31. The five runs of mat were then pulled from the lake, inverted

(by crane) with the hooks downslope, and anchored and replaced under-

water some 2.5 ft from the water's edge for test No. 5. The slope was . .

sprayed with water prior to and during testing. However, in five

attempts at passage, the vehicle was not able to complete a single pass.

In test No. 6, the mat was pushed farther into the water so that the

first panel was 4 ft from the water's edge. in four attempts, the vehi-

cle was still unable to complete a single pass although both slow- and

fast-speed runs were attempted (Photo HI1).
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32. The five runs of mat were removed from the lake by crane and

replaced with two runs of mat about 4 ft into the lake for test No. 7.

The slope was again sprayed with water to simulate wet-season conditions.

The vehicle made the first approach at full speed, and upon encountering 0 _

the mat underwater, the vehicle appeared to "seat" the mat into the lake

bottom, then override the mat and continue upslope. After two passes, --

the mat had been pushed out into the lake another 2 ft. The vehicle was
able to complete 8 passes in 10 attempts with little difficulty. How- . 0
ever, the left-side anchor became loose, and the test was stopped. The

--.- relative ease of the slope climbing of the vehicle in the 8 passes indi-

cated that the vehicle could complete the required 25 passes with little

difficulty, and so this test was stopped (Photos Hllg-Hllh).

33. For test No. 8, two runs of mat were placed in the lake in

the original configuration, i.e., surface up, but with the rolled edge

the farthest out in the water, approximately 4 ft from the water's edge.

The surface of the slope was left dry. The vehicle was able to complete

9 passes in 11 attempts with high slippage and poor control (Photos Hlum-

Hllq). Analysis of the test results indicated that the overlap edge

(hook) may have provided sufficient traction to complete the required

passes. However, it appeared that the slope had been decreased by traf-

fic at the water's edge and may have aided the vehicle passage. Repro-

filing of the slope (Figure H3), however, did not show any large slope

changes.

34. In summary, the M8AI mats provided the vehicle somewhat mar-

ginal assistance in exiting the lake. However, unless placed in exactly

the right position and anchored securely, the vehicle was unable to uti-

lize the mats. Also, the mat (and membrane) required rather long peri-
ods of time for placement, more on the order of 2 to 3 hr or more, *,-. r°

rather than the 15 min or less that was desired. Wetting the slope (lid

not appear to hinder vehicle passage to any great degree in these tests,

although clay slopes may produce slippery conditions more so than those

experienced in these tests. Differences in soil strength as determined : 0

from the average of cone index measurements before and after traffic

(Figure H4) were not significant. e
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Meas. Cone Index-
Meas -et~ii ---

No. SFC 1 2 3 4 5 6 9 12 15 18

Before Trd a tic

1 70 170 250 240 300 230 230 250 650 750+ 750+..

2 140 200 200 200 185 180 225 310 400 350 340o

3 140 260 250 270 290 330 370 420 530 600 750+

4 130 190 175 160 190 190 215 720 750* 750+ 750+

5 150 170 150 180 300 230 300 330 300 220 220

6 130 170 150 140 140 125 185 300 250 220 210

%.7 260 350 340 260 240 300 270 25%8 7 5 *

250 180 170 25

8 170 270 '340 420 320 240 240 230 200 210 300

9 120 250 330 410 330 290 280 250 320 280 250

10 170 180 180 160 200 230 270 260 330 330 410

Avg 148 221 236 244 250 234 258 332 391+ 388+ 423+

Average Cone Index by Depths, in.: 0-6 =236; 6-12 =326+; 12-18 438+

After Traffic

1 50 150 210 240 300 230 230 250 475 600 750+

2 110 170 200 270 300 1S0 220 255 440 570 550%

3 125 200 250 290 330 190 220 320 500 720 750+

4 120 200 270 320 285 230 245 325 450 560 600

5 130 190 280 300 270 230 260 370 580 750+ 750+
6 125 210 220 270 290 250 270 330 250 220 250%

o. N
7 150 230 300 300 320 240 265 345 320 280 340

8 140 240 340 320 330 300 340 470 430 330 410 d

*9 120 180 320 310 290 265 240 305 180 210 250 * ,sr
10 120 210 260 190 240 250 285 340 260 170 210 -.

Avg 119 198 265 281 296 236 258 331 388 441+ 486+.

Average Cone Index by Depths, in.: 0-6 =236; 6-12 = 326; 12-18 =438+

Figure H4. Before and after traffic cone inrdexes
for 25 percent slope, Brown Lake
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Drawbar pull tests

35. A firm, dry, level grass-covered area within the boundaries -.

of the WES reservation was selected for drawbar pull tests (Photo H12) *--. -

using an M113 APC partially loaded to 19,950 lb. The area was 100 per-

cent covered with Bermuda grass atop silty clay soil. The vehicle was

instrumented for the tests, and a 20,000-lb Load cell was connected by

cables to a loaded M113 APC. Only maximum pull values and pull values.

at 100 percent slip were measured.

36. Initially, a vehicle test was conducted on dry grass as an in

situ condition. The vehicle was able to develop 13,922 lb of drawbar

pull during the test as a maximum and 13,200 lb at a 100 percent slip.

These values correspond to drawbar pull coefficients (drawbar pull,

lb + vehicle weight, lb) of 0.70 and 0.66, respectively.

37. A 36- by 100-ft membrane pad was next unrolled, stretched,

and staked at the sides and ends with anchors. The test was conducted

dry as in the dry grass tests. The vehicle was able to develop a maxi-

mum of 13,287 lb with 10,494 lb at 100 percent slip, corresponding to -

drawbar pull coefficients of 0.67 and 0.53, respectively. In this test,

the membrane stretched and wrinkled beneath the tracks at the high-pull

values but returned to almost the original position after traffic. The

membrane material around the anchors also tore in the direction of pull,

especially during the high-pull portion of the test. -"

38. The membrane was sprayed with water from a water truck con-

tinually during the next test series on wet membrane. The pull was re-

duced considerably to 7109-lb maximum with only 4062 lb at 100 percent

slip, or drawbar pull coefficients of 0.36 and 0.20, respectively. Mem-

brane stretching and wrinkling occurred as in the dry membrane tests.

The tracks were then sprayed while the membrane was wet to simulate

water existing from a lake or river with similar pulls and coefficients

as the previous tests at a maximum of 7024 lb (0.35) with 3980 lb (0.20)

at 100 percent slip.

39. The membrane was removed and the grass sprayed for the next

test series. On the wet grass, the vehicle developed a maximum of

7363 lb (0.37) with 7363 lb (0.37) at 100 percent vehicle slip. The .. .

-91 419
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vehicle was towed in neutral gear for the motion resistance measurement , . -..'''. 

which averaged 1875 lb (0.094) for these tests.

40. As shown in these tests, the dry membrane reduced the maximum

pull obtained by the Ml13 APC in dry grass less than 20 percent, but 0 0
this reduction increased to about 60 percent from dry, when the membrane

was wet, although the wet grass also reduced the pull from that at the

dry grass condition by almost this amount. However, using the usual

assumption that the drawbar pull coefficient is approximately equal to 0 -

the slope in percent for tests in firm soils, the M113 APC should be

able to climb a maximum wet membrane-covered slope of 20-35 percent.

This assumption coincides with the results of the lake tests in which -.

the slope-climbing capability of the M113 APC was rather marginal on , ,

23-25 percent slope at Brown Lake.

Summary of Test Results and Recommendations

Summary of test results

41. Results of this study are summarized below:

a. Tests with T17 membrane-covered slopes (25 percent or
less) in upland areas and adjacent to a lake indicate
that the membrane must be anchored extremely well on the
slope and that the membrane itself does not necessarily
assure traction at the toe of the slope at the water/soil
interface. When wet, the membrane becomes relatively
slick but still produces a sufficient traction surface
for vehicle passage, provided the vehicle can negotiate

the slope.

b. Tests on mat-surfaced slopes (M8A1 or M19) indicate the
same problems that were encountered in the membrane tests.
When the mat was moved totally underwater, the vehicle
negotiated the slopes, sometimes easily and other times
marginally, depending on the mat configuration and the
presence of any points on the mat for the vehicle to gain
sufficient traction to climb the slope. The vehicles
negotiated the mat-covered slopes rather easily, wet or
dry, when sufficient traction was obtained to climb the -

slope. . '

c, Placement times of 15 min were not achieved. In fact, d e
placement of the membrane or mat on riverbanks or slopes

by any of the means used in the tests requires at least
twice the time stated in the LOA. Also, engineer

* 420
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equipment must be available for anchor placement, mat

placement upside down on the slope, and mat or membrane

anchorage underwater.

d. Membrane placed in lake bottoms underwater must be placed -
so that allowances are made for the membrane movement to_ ,

conform to vehicle ruts in the soft lake-bottom mud and

the edges are anchored to the lake bottom to prevent en-

tanglement in vehicle running gear. Cables attached to

sandbags that were used to anchor the mat to the lake

bottom in the tests reported herein became exposed with

vehicle traffic and were easily entangled in the vehicle. O
traction elements.

e. The M113 APC was able to exit the lake at an unimproved
soil ramp where the slope was less than 15 percent. The " "
slope that represents its limiting capability is unknown. ....-.-

Recommendations * 0

42. Of the currently available depot items, which were considered

for evaluation as a surfacing of a slope used in an egress mode, the

following recommendations are warranted:

a. The T17 membrane, M19 mat, and M8Al mat, when placed in

normal placement patterns, will not support significant
traffic on a 25 percent slope, primarily because of in- .-

adequate traction (coefficient of friction).

b. Although the M19 and M8Al mats will provide structural - "
support to both wheeled and tracked vehicles on 25 per-
cent slopes and less when dry, the membrane is torn and
is not effective if used alone.

c. To achieve the necessary traction required on a 25 per-

cent slope, especially when mud is tracked on the slope
surface, it appears that the M8Al mat must be placed with

the bottom side (ribs) up for tracked swimmers, such as
the M113 APC. However, this placement will not meet tb.

LOA because its placement-time requirements far exceed

those of the LOA.

d. A surfacing should be developed that would provide the

necessary structural strength for the tactical vehicles '''w
as well as the necessary tractive surfacing to allow
climbing tf-e 25 percent slope in a mu(.dy environment.

e. Where egress improvement is desired and the stringent
time, manpower, and equipment limitations of the LOA are
not present, expedient methods are available. One method " '.
would be to flatten the slope using a D-7 bulldozer or

use the combat engineer vehicle (CEV). The other is the
inverted M8A1 installation described in c. above.
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tolit

c. M113 APC completing 25 passes on dry slope A

d. M48 tank oi, dry slope '

Photo HI. (Sheet 2 of 4)
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d. M8 tak making 25iia pas s on dry mat slope

Phot H2 Set. f2
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C. MIl3 APC making one of 25 passes up the slope

Phot~o H3. (Sheet 2 of 2)
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b . View of membrane moemto dry slope wi ehcethafi

Phottrffi H4 1 ebyan-th e d slop tanks
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I.b

c. View of replaced and tacked membrane prior
to vehicle traffic on the wet slope

-,on

.4to

d. M113 APC attempting to negotiate 25 percent .

membrane-covered slope while slope is wet '

Photo H4. (Sheet 2 of 5)

432 ~i

* .'.%



E-7 1. .

MOMMONOWL-Abz&SA

77"O.W.W

e. M54 truck attempting to negotiate a wet 25 percent membrane-
covered slope with a wet clay layer at toe of slope 3 ~

A

f. M48 tank attempting to negotiate a wet 25 percent membrane-
0 covered slope with a wet clay layer at toe of slope

Photo H4. (Sheet 3 of 5)
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g. M113 APC stretching and tearing a wet membrane-covered slope

h. View of membrane stretching at the membrane-clay
layer interface

Photo H14. (Sheet 4 of 5)

.0 0 .0 0 00 0 10



7- -- a a . ., 7* *

. aa.

-i~v

a'...



TIT -j'. -. y,

16.@

. NN

a . Slope indicator showing 25 percent slope

4P,'

b. Vi-'.. I-lied membrane as deitivered to slope siteS

Phot, T17 membrane-covered slope tests,.
..n1 Lake area (Sheet I of 6)
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g. Small trench at top of slope used to anchor membrane

folded around 2- by 6-in, board

h. Anchor placement on membrane at 2- by 6-in, fold

Photo H5. (Sheet 4 of 6)
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AA

i. Initial slope-climbing test with the M113 APC
showing membrane pulled downslope

j.Sandbag/cable and membrane wrapped up in
* vehicle track system

Photo Hf5. (Sheet 5 of 6) *

0. 440

S. -7



k. Membrane position and condition at end of test

Photo H5. (Sheet 6 of 6)
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. Foerle 36-oldi100ft membrane as wdeliverede -1

Photo H6.t top m brn-ofee slope te s wfl)
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e. Side anchor placement by manual labor

f. Sandbag anchor placement in water by boat (note

the 4-ft fold left in membrane at water's edge)

Photo H6. (Sheet 3 of 10)
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k. Damaged membrane shredded at water's edge by
spinning tracks of vehicle

Phot H6 Set6o 0
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*q. Vehicle tracks spinning on slope at water's edge 2- .

@1r. Vehicle attempting to climb slope at an angle

to slope center line

Photo H6. (Sheet 9 of 10)
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a. Placement of mat, right side up on slope

a.

v%

b. Mat slid into lake and additional sections added on slope __

Photo H7. M8A1 mat-covered slope tests, Brown Lake area
* (Sheet 1 of 5)
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c. Mat sections being draggod by t able into lake

7r.,

3 3t

d. Mat sections on slope and in lake prior to anchori ng

Photo H7. (Sheet 2 of 5) .
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e. Anchor placement to prevent downward sliding into lake '

* *W

AOO1

f. View of final anchor placement prior to tests

Photo 117. (Sheet 3 of 5)
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g. Initial vehicle test on mat, right side up
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a. Mat sections inverted to expose raised ridges on bottoms

b. Mat sections inverted being pulled unsuccessfully .~

into lake by the M113 APC

4"Photo H8. M8Al (upside-down) mat-covered slope tests,
Brown Lake area (Sheet I of 4) . .%

% 
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C. D-6 bulldozer being used to push mat sections
downslope into lake

v -N

d. Sandbag anchors being placed in lake (note one ~
entangled line being freed by WES personnel)

Photo H8. (Sheet 2 of 4)
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e. 11113 APC starting upsiope on inverted mat
-4.

4.

..~. *,
'S.

.4

--- S

ie*

f. 11113 APC almost successfully exiting lake (note mat was
pulled downslope until "go" condition encountered with ~

mat located as shown in Photo H5g)

Photo HS. (Sheet 3 of 4)
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*b. M113 APC successfully negotiating mat/slope interface
and climbing slope

Photo H9. 118AI matted water/slope interface tests,0

Brown Lake area (Sheet I of 9)
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c. M113 APC near top of slope on first "go" condition

-. 4.6

- -

Photo H9. (Set2f9
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g. Vehicle regotiating mat and climbing upslope

h. Third pass for vehicle with inverted mat starting
at water's edge 

.. '%

Photo H9. (Sheet 4 of 9)e
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i. Fourth pass upsiope with the M113 APC

j.Swimming-climbing technique developed to .±nsure
successful negotiation of slope S '

Photo H9. (Sheet 5 of 9)
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k. Vehicle completing one of last few passes before

25 completions on dry slope
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1. Toe of slope after 25 passes with no mat visible m9
at water's edge

4-

Photo 119. (Sheet 6 of 9)
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m. First pass with slope being spra~yed with water

from spray truck

Photo~~a H9 (het7of9
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.~ up,

o. Vehicle completing last pass on mat with wetted slope -

*p. Slope/water interface after completion of test series

Photo H9. (Sheet 8 of 9)%
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a. View of mat, inverted, rolled edge toward lake, after tests
F
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V.
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b. Close-up of mat ridges showing damage trom track slippage

---- Cd.

Photo HIO. Damaged M8A1 after vehicle tests C,

Brown Lake area (Sheet I of 2) *
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a Mat right side up with rolled edge downslope being

pushed into water by the D-6 bulldozer
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. M113 APC ttemp ing unsuc esuly o cmb unsrfaed lp

Photo HII. (Sheet 2 of 9)
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1. General view of test area

Photo H11. (Sheet 6 of 9)
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m. View of vehicle test after mat replaced on slope
right side up, rolled edge down
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-. 0

0. Vehicle sliding sideways on right-side-up mat

&.24

p. Frontal view of vehicl'- spinning on mat, underwater, *
right- s ide up

Photo HI). (Sheet 8 of 9)
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q. Frontal view of vehicle spinning on mat at water's edge
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C. Drawbar pull test on T17 membrane showing membrane
stretching beneath tracks

Photo~~-' H1.(Set2.f2
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~ APPENDIX I

INSTALLATION AND SERVICEABILITY OF INVENTORY ITEMS,

* * T17 MEMBRANE AND M19 AND M8Al LANDING MATS, FOR

INTERIM USE AS BRIDGE ACCESS/EGRESS .

SURFAC ING MATERIALS*

AA.

* The LOA mentioned in this appendix refers to the LOA that comprises
Appendix A of this report.
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Introduction

* 1. The need for surfacing over marginal soil materials to expe-

dite Army traffic to and from hastily constructed structures has long

been recognized. How and where the Army goes in time of combat is often

• . dependent upon its ability to negotiate stream crossings. The Army's

experience and lessons learned are well documented, studied, and used as

a guide to develop more rapid methods or systems of crossing streams. ' ..O

, . As these developments are under way, their requirements are constantly

changing in regard to material weight, cost, placement time, manpower, ". ..

etc. Before undertaking the bridge access/egress research project, it ... '.--

was considered prudent to determine to what degree, if any, Department

of Defense current inventory items, such as aircraft landing mats and

prefabricated membrane, would meet these requirements.

2. Headquarters, U. S. Army Materiel Development and Readiness

Command, funded the bridge access/egress project. The manager of the

project, the U. S. Army Mobility Equipment Research and Development

Command (MERADCOM), and the U. S. Army Engineer Waterways Experiment

Station (WES) developed a Letter of Agreement (LOA) for the WES to per-

form the research and engineering tests on materials to meet the stated

LOA requirements and to determine to what extent present expedient sur-

facing inventory items meet these requirements. A copy of the LOA,

.: dated 24 July 1979, is presented in Appendix A.

Description of Inventory Materials and Ancillary Items

M19 airplane landing mat
(Federal Stock No. 5680-089-5920)

3. Panels. The M19 mat is a sandwich-type structure containing a

1.375-in.-thick aluminum honeycomb (ore bonded top and bottom to

0.063-in.-thick aluminum skins as shown in Figure 11. Extruded aluminum

connectors are bonded to the edge of the core with a potting compound -.

and welded to the top and bottom skins. Two edges of the panel have 0 .,

overlap-and underlap-type joints that are connected to adjoining pariels

and locked with an extruded aluminum locking bar. The other two edges

484
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have male- and female-type connectors. The individual panels, 1.5 in.

thick, 50-1/4 in. long, and 49-1/2 in. wide, weigh approximately 71 lb.

A panel covers approximately 16.7 sq ft and weighs 4.3 lb per sq ft of

placing area. The panels can be placed at a rate of 573 sq ft per man- O

hour. A basic mat placing crew consisting of seven men (one NCO and six

EM's) is required for placement on a 20-ft-wide front (road width). The

panels are normally laid with the male-female joints parallel to the

direction of traffic and continuous along the road length (Green and 0

Ellison, 1969).* The traffic is, therefore, always applied in a direc-

tion perpendicular to overlap-underlap connector locking bars.

4. Pallets. Mats and necessary ancillary items are packaged in

crates for shipment to the theater of operations (TO). The crates are -4 .

skid mounted for ease of handling with mechanized equipment. The vari-

ous pallets are described below.

5. Full-mat pallets (FSN 5680-930-1524) are stacked on four-way

entry wood skids to make a pallet package of 32 mats (Headquarters, Dept.

of the Army, 1968). Each mat is supplied with one locking bar placed in

the upward facing groove of the underlap edge of the mat plus one addi-

tional bar per bundle, making a total of 33 bars per bundle. All sides

of the pallet are covered with sheets of plywood, and the corners are -

protected by angular aluminum strips. The package is bound with steel

bands (Figure 12). Gross weight is 2484 lb, and bundle dimensions are

51-3/4 in. long by 51 in. wide by 55 in. high, or 84 cu ft per bundle.
6. Half-mat pallets (FSN 5680-930-1525), specially marked, are

similar to the full-mat pallets, except they are approximately half the

size of the standard mat hundles (Headquarters, Dept. of the Army, 1968). ,:."

V The half panels are bundled in pallets containing 32 half panels and

33 locking bars. In the normal placement pattern, half panels would be .'S J4@-

required .st the ends of the complex to maintain a straight edge. In

some placement patterns, the male-female joint is continuous across the

roadway width (perpendicular to traffic directions), and half panels are .. a.. -. ; w

Reterences cited in this appendix refer to REFERENCES at the end of ""•"•-
the main text.
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not required. However, to maintain the brick-laying pattern, the edges

of the roadway would be irregular or jagged.

7. Additional pallets, male-female anchor attachments, and earth

anchors (Figure 13) are crated in packages of 125, 175, and 250, 0 -
respectively.

M8A1 airplane landing mat
(Federal Stock No. 5680-781-5577)

8. Panels. The M8AI panels are formed of 0.125-in.-thick steel

sheets (Headquarters, Dept. of the Army, 1973). As shown in Figure 14,

the panels are solid planks with no pierced holes. The end connections

incorporate moment-transferring joints made of four 3/4- by 3/4- by

10-1/2-in, sliding steel pins that are driven into place with a hammer

or bar after the panels are placed. The side connector hooks are along

one side of the panel only, and the opposite edge is rolled under the

hook slots to form a smooth contour at the subgrade and furnish addi-

tional strength along the side. The panels can be placed at a rate of

4$. approximately 361 sq ft per man-hour on an airfield. A basic mat place-

ment crew consists of seven men (one NCO and six EM's) on an 18-ft-wide

%' road.

9. Pallets. A standard pallet (bundle) consists of 13 full and 2

: half panels bound together (Figure 15). The panels are nested in pairs

in the pallets. The pallet is 1.88 by 12.21 by 0.91 ft, or 20.9 cu ft,

-.' and weighs 2036 lb. Before transporting the bundles to the site for

placement, the bundles should be opened, rearranged with panels added,

and rebundled. The new bundle will consist of 10 full and 10 half ' ,,

panels (the equivalent of 15 full panels) with the individual panels

;" oriented and stacked as they will be placed. The extra half panels are

made by cutting a full panel at the transverse center line. The panels

' should be stacked bottom to top with the connector hook edges on one

A side of the bundle and the rolled edge, which contains the connector

slots, on the opposite side of the bundle. A bundle will consist of

five groups of panels bound together with straps. Each group is made up

of panels stacked on top of each other--one full, two halves, and one

488
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full. The rebundle will be 1.7 by 12.1 by 1.4 ft, or 28.8 cu ft, and

will weigh approximately 2180 lb.

T17 membrane (Federal
Stock No. 5680-00-93CL-EI) .0 ,

10. The T17 membrane is a neoprene-coated, 2-ply nylon fabric de-

signed to provide a dustproof and waterproof wearing surface for soil

subgrades used as airfields or roadways (Headquarters, Dept. of the Army,

1966b). The surfacing consists of 54-in.-wide runs of the fabric joined 0 -

with a series of 2-1/2- to 3-in.-wide adhesive, single-lap joints. An

uncrated bundle (FSN 5680-00-921-8731) (Headquarters, Dept. of Army,

1973), 100 by 36 ft, ready for deployment, is shown in Figure 16. The . -

membrane is packaged in various sizes to meet runway, helipad, taxiway,

and parking area requirements. The size of the membrane surfacing can ..- *-..

be -!jried by cutting to fit a particular area. A convenient size for a

roadway is 100 by 18 ft. The membrane should be cut so that the direc- .'-

tion of traffic is parallel to the adhesive seam joints. The long di-

mension is folded in 4-ft laps, and then the short dimension is folded

back on itself from each edge to make a 4- by 4- by 1.5-ft, or 24-cu-ft,

bundle weighing approximately 574 lb. The weight of the membrane is
- -

0.33 lb/sq ft. In use, the membrane does not act as a load-distributing

medium, and the subgrade must be of such strength to support any wheel ...-

load applied to the surfacing. The material acts to prevent dust and to

shed water preserving the subgrade strength. 4'"--

LOA Requirements Material Installation and Service - -:.

.

General

11. These instructions are provided for the commander, who in the .V4_

TO finds that the M19 mat, MBAI mat, and/or the T17 membrane are the

only surfacing materials available to support his vehicular traffic when -i'-.

there is a need for a gap crossing in a military operation such as

access/egress at a stream crossing. The major LOA requirements are

listed below, and each inventory item or combination of items is dis-

cussed completely as it meets these requirements.
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a. Assault vehicle egress role. The system must allow swim-
ming and fording combat vehicles to exit streams that
have slopes within their normal climbing capabilities
(maximum 25 percent). The egress points must be capable
of withstanding at least 25 passes by vehicles up to and

including Military Load Class (MLC) 60. The system will
enable one squad of an Engineer Combat Company, using ""-"
current organic equipment, to simulaneously install two

egress points 5 m wide and 15 to 20 m long within 15 min

after arriving at the exit bank.

. Bridge equipment access role. The system must provide O .
access lanes for use by gap-crossing equipment to reach .-.

bridge launch sites. The access lanes must be capable of
withstanding at least 50 passes by vehicles up to and
including MLC 25. The system will enable 10 people from
the Engineer Assault Float Bridge Company (Ribbon),
using current organic equipment, to install single lanes,
4 m wide, at the rate of 100 to 125 m in 30 min.

c. Bridge traffic access/egress role. The system must pro-
vide roadways capable of withstanding 2000 to 3000 "*. ,. ',--

.. vehicle passes (10 percent rated at MLC 60). The system
will enable one platoon of the Engineer Combat Company
(Corps), using current organic equipment, to install

single, 4-m lanes at the rate of 250 to 300 m in 45 min.

M19

12. When the roadway area to be covered with the 119 mat is iden-

tified and the matting and required ancillaries are onsite, the place-

ment of panels (Headquarters, Dept. of the Army, 1965 and 1966a; Depts.

, of the Army and the Air Force, 1968) is begun by the NCO in charge and a

crew of enlisted men as follows. The NCO should be inside the area to

~-~> be covered and approximately 15 to 30 ft from and facing the starting

line (across the road width). The first full panel should be placed in

the right upper corner with the male connector parallel to the center

line of the road (parallel to the traffic direction (Figure 17a)); the .r ...-

female connector, parallel to the outside edge of the road; and the

underlap connector, perpendicular to the center line of the road. The

second panel is placed to engage the underlap connector of the first

panel with the overlap connector of the second panel, and the panels are

locked together with a connector bar. (The two panels are along the ,-..

outer, upper right edge of the roadway, which is row 1). All panels in

row I are placed in this manner. The third panel (a half panel) is the

.0 -- 0.%-. t .-
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first panel placed in the second row and is held at 45 deg while the

female connector engages the male connector of previously placed panel I

and then hinges into position. Panel 4, conrnecting panels I and 2 along

the male connector, is placed similarly to panel 3 such that panels 3

and 4 combine to form the underlap-overlap connection and are locked to-

gether by the end connector bar. Panels 5 and 6 (a half panel) are the

first panels in rows 3 and 4, respectively, and are placed, as are all

panels thereafter in rows 2, 3, and 4, similarly to the placement of

panel 4, i.e., by holding the panels at 45 deg to the panels in place

:2: and hinging the female and male connectors together, and next dropping

the panels into position so that the overlap-uiderlap connectors are en-

gaged and then locked together with the end connector bar. A stair-step

pattern is formed and is continued. As long as the road is straight,

four rows of mats are placed with the right row (row 1) preceding row 2,

etc., across the road width (Figure 17a). In this placement pattern,

the mats can be placed at a rate of 573 sq ft per man-hour, using a team

of two workers along each individual mat row.

13. If and when the road curves to the right of the NCO, who is

in charge and facing the starting position, another row to the right of

row 1 must be started and placed so that it falls into the roadway width.

The panels in the new row (extreme right) are placed before the panels : .

in adjacent rows, and the stairstep pattern is continued. Also, the

first panel in any and all new rows to the right is placed by connecting

the male into the previously placed female connector (keeping the stag-

gered joints) and hinging into place (Figure 17b). This placement is

opposite to the placement of panel 4 as previously described. As the ."-

road continues to curve to the right, additional rows are begun to the

right to cover the roadway's width, and the pattern placement continued.

This procedure is repeated as the curve continues to the right.

14. If the road swings in the opposite direction (to the NCO's "

left) and panels in the right row cover the outer edge of the roadway,

no further panels are required in that row. To compensate for this

arrangement, extra rows of panels are added to the left so that the *,.

roadway width is completely covered and the stairstep pattern of
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placement is maintained (Figure 17c). The rate of mat placemcnt on a - .
curved surface may be slightly less than that achieved when placed on a

straight roadway (see paragraph 12).

15. The M19 mat can be placed on a 25 percent hill or stream

slope. This placement, which is started at the bottom and goes up the O . 0
slope, is for a straight road as described in paragraph 12 (Figure 17a).

An area of 651 sq ft on a 25 percent slope can be surfaced with the M19

in 24 min using six enlisted men and an NCO for a rate of 236 sq ft per

man-hour, which approaches only one-fourth the rate required in the LOA

for the assault egress role. The panels are anchored along the sides

with three or four anchors per side in a 40-ft length. The screw

anchors (Figure 13) will have to be modified as air compressors will not

be available at a forward site. The anchors can be modified by cutting

off the 4-in.-diam helix and using the anchor as a drive anchor. A

suitable alternative for anchors is to use a 3/4- or 7/8-in.-diam rein-

forcing bar, 30 in. long, and bend the end 6 in. in the shape of a "7."

Also, the disc anchor, made of 1/4- by 12-in.-diam steel head welded to

a 3/4-in.-diam by 2-ft-long steel reinforcement bar, may be used (Fig-

ure 18). Either anchor, with the anchor attachment (Figure 13), will

help to hold the panels in place. However, even when anchored, the mats

will move under traffic as much as 7 in. when trafficked by 25 passes of

a loaded M48A1 tank. Unanchored, the same traffic caused the mat to

move as much as 20 in. As few as 75 passes of mixed traffic through mud

*-"_ and clay from the M113, M48A1, and M54 vehicles caused as much as 90 per-

cent of the antiskid to be abraided from the mat in the tracking lane

.. (Figure 19).

16. To meet the LOA bridge equipment access role, the surfacing ; -. .

must be capable of being placed at a rate ranging from 862 to 1076 sq ft

per man-hour over a roadway width of 4 ra (13.13 ft). The rate achiev- O '

able with the M19 mat utilizing 10 men is 573 sq ft per man-hour or only

53 to 67 percent of that required by the LOA. The MI9 mat will sustain

the 50 passes of vehicular traffic up to MLC 25 as required.

17. The bridge traffic access/egress role in the LOA requiresS

that the surfacing sustain 2000 to 3000 passes of vehicular traffic
I ..
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including up to 10 percent by MIC 60. Also, the surfacing is to be

placed at a rate of 574 sq ft per man-hour using 30 men. As stated pre-

viously, the M19 mat can be placed at a rate of 573 sq ft per man-hour

on a roadway that is 16 ft wide (four-panel widths). The panels when AP

placed will sustain the required 3000 passes of traffic including 10 per-

cent of which are MLC 60, without structural failure as required in the .

LOA for bridge traffic access/egress role.

. 18. The M19 mat will support all of the traffic required by the

LOA on a subgrade strength of 1 to 2 CBR (California Bearing Ratio).

The mats on a 25 percent slope will provide support and traction in both

a wet and a dry condition for the M113 armored personnel carrier (APC),

the M54 cargo truck, and the M48A1 combat tank with a gross weight of O,,

106,000 lb. If these vehicles are trafficked through a heavy wet clay

before getting on the 25 percent mat-surfaced slope, only the M113 APC

can negotiate the slope for the required 25 passes; its performance is

considered marginal since it becomes increasingly more difficult as more

clay is tracked on the mat surface. The M48A1 tank can make only five

passes in this condition, and the M54 truck cannot make any passes up ..

the slope. However, the tank may become immobilized before five passes

because of clay tracked on the mat slope.

M8A I

19. When the roadway area to be covered with the M8A1 mat is -

identified or selected, the placement of the mat (Headquarters, Dept. of .

the Army, 1965 and 1966a; Depts. of the Army and the Air Force, 1968) is

begun using an NCO and six enlisted men as follows. The NCO in charge

takes a position in the area 15 to 20 ft from and facing the starting

line (across the road width). To cover the 4-m (13.13-ft) width, a full
and a half panel (18 ft wide) in each run (one run of mat = one width of" ' " ,

mat across the road width) are required to meet the LOA width for the .

bridge traffic access/egress role. On a restricted width of 18 ft, only

seven men can be effectively utilized to achieve the fastest placing ...

rate. The first side connector slot edge is inside the area (towards .. ..g

the NCO), and the offset end is to the right (oriented as in plan view

of Figure 14). The next panel, a half panel containing end connector
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bars, is placed to overlap the offset end of the first panel. The .

second run is started on the left edge with a half panel, which has an

offset end. The half panel is held with the side connector hooks at ..

45 deg to the ground to engage the side connector slots. When engaged,

the panel is slid approximately I in. to the left or right and lowered

to the ground engaging the locking lug in the locking lug slot. (The

sliding direction is optional on this panel only as all panels in the

same run are slid the same direction and panels in alternate runs are

slid in opposite directions.) The next panel in run 2, a full panel, is -

held and slid as the previous panel is slid to engage panels in run 1

and dropped into position. Should the roadway curve to the left, begin

placing panels as far to the left to cover the curving road or simply

continue adding panels to the right to extend the run as required to

cover the right curving road area as the situation dictates. After 14

to 16 runs have been placed, the fastening of end connectors may be

started on run 1. There should always be 14 to 16 runs between the mat

placing and the fastening of end connectors so that completing the end. ..

connection does not cause misalignment of the mat. The sequence of

placement is shown in Figure 110. A placing rate of 361 sq ft per man-

hour using an NCO and six enlisted men can be achieved. The required

250 to 300 m (820.2 to 984.0 ft) long by 4 m (13.13 ft) wide (1,000 to

'5-.' 1,200 sq m or 10,770 to 12,924 sq ft), can be placed in 4.26 to 5.11 hr.

This is greatly in excess of the 0.75 hr stated in the LOA for the

bridge traffic access/egress role. However, the mat will sustain the

3000 passes of convoy traffic as required.

20. The M8A] mat can be placed up a 25 percent slope. The panels

.'. are placed as described in paragraph 19, starting at the toe of the

slope, except alternate runs are placed to produce a 6 -in. offset (Fig-

ure 111). The offset is necessary so that drive anchors can be placed _

"5. along the edges. An NCO and six enlisted men can place 662.4 sq ft in

13 min for a rate of 163 sq ft per man-hour, which is only 19 percent of

the rate required in the assault vehicle egress role of the LOA. The

*' . panels are anchored along the sides (Figure 112) with three or four

* * anchors per edge in each 40-ft length of roadway, using any suitable
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2-ft-long drive anchors as described in paragraph 15. Seventy-five

passes of mixed traffic (which meet the assault egress requirement) will

cause the anchored panels to move down a 25 percent slope approximately

2 in.

-" 21. To meet the LOA bridge equipment access role, the surfacing

must be capable of being placed at a rate of 1077 sq ft per man-hour

over a maximum roadway width of 4 m (13.13 ft). To meet the 13.13-ft-

wide dimension, one and a half panels per run will be required. A plac-

ing rate of 361 sq ft per man-hour can be achieved using seven men (dis-

cussed in paragraph 19). At this rate, it will require from 1.71 to

2.13 hr to place the required 100 to 125 m, respectively, which is

greatly in excess of the LOA requirement of 0.5 hr. However, the MSA1

mat will support in excess of the required 50 passes by vehicles up to

and including MLC 25 in the access role. " -

22. The M8A1 mat will also support all of the traffic required by

the LOA on a subgrade strength of 1 to 2 CBR. The mats on a 25 percent

slope will provide support and traction in both the dry and wet condi-

tions for the M113 APC, the M51 dunp truck, the M54 ca.rgo truck, and the

M48AI combat tank with a gross weight of 106,000 lb. If these vehicles

are trafficked through a heavy wet clay before getting on the 25 percent

mat-surfaced slope, only the M113 APC can negotiate the slope for the

required 25 passes; its performance is considered marginal since it be-

comes increasingly more difficult as more clay is tracked on the mat

surface. The M48AI tank can make three passes in this condition, and

-... the MS1 and M54 trucks cannot make any passes up the slope. However, "."-.

-' the tank may become immobile before three passes, depending on how much -4.
* ..

wet soil is tracked onto the mat surface. - "

. 23. The M8A1 mat can be used for M113 armored personnel carriers

to egress a stream with a 25 percent slope when wet. Two to five runs

of mats, 18 ft wide (one and a half panels), are connected and locked ".

(see paragraph 19). (The panels are connected so that the rolled edge

O of the mat is near the water's edge and the hook edge is up the slope.)

The hooked panels (sections) are inverted (a crane can be used), and

then the section is shoved into the water (rolled edge first) until the
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closest edge is 3 to 5 ft from the water's edge. Before putting the

section in the water, cables are attached to each edge of the section.o

for anchorage. Three screw anchors per edge (Figures 13 and 1 13) are

used. The cables are pulled tight between the mat section and screw

anchors. The 113 APC made 25 passes from the lake and up the wet slope

from the surfacing to meet the LOA traffic requirement. However, be-

cause of the need for equipment to invert the section and the additional -- -

effort required to anchor the panels, the placing rate and time were not

noted for comparison purposes. After this use of the mats, they were -.

not suitable for recovery and reuse as the tracks of the 113 APC de-

formed the panels, opened the rolled edge, broke the hooks, and caused

the panels to disconnect (Figure 114).

T17

24. The T17 membrane alone will not meet any of the bridge

access/ egress roles and is not a viable solution to the assault vehicle

egress role. However, it may be used as a waterproofing medium under-j

the surfacing material to better accomplish the bridge equipment access

%+ role and/or the bridge access/egress role. After acquiring the T17 mem-

brane, it is cut to a desirable size, approximately 18 by 100 ft. The

long dimension is accordian-folded to 4 by 18 ft. The edges are

accordian-folded again to the center 4 ft to make a bundle approximately

4 by 1 ft high weighing 594 lb. When the starting line is determined,

the accordian-folded membrane bundle is placed (Headquarters, Dept. of

the Army, 1965 and 1966a) at the longitudinal center line of the roadway,

and the edges are stretched across the width of the roadway. Two men ';%'-

per edge pulling in opposite directions can stretch the membrane, and

then the NCO arid four men can pull the accordianfolded membrane along ".-

the roadway length. The 18- by 100-ft membrane surfacing can be placed .

by five men in less than I min. When the next section of membrane is

placed, the ends to be joined are folded together in a French fold -::

across the road width with a 1-ft overlap at the juncture. There is no

reason to anchor the membrane when used beneath surfacing as the sur- - .

facing material will hold it in place.
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